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The observations on which the present paper is based were

commenced with the examination of a Flustra-like Oheilo-

stome, found at Port Jackson by Mr. T. Whitelegge, who
sent it to me for description, believing it to belong to a new
genus. Although exhibiting several remarkable features, I

think it may be placed in Euthyris, Hincks, and I propose

for it the name E. clathrata, in allusion to the bars which

support its " frontal wall." The species possesses a large

"compensation-sac/' a name which is due to JuUieu

(1888, 1), although the structure had to some extent been

described by Busk and Waters. Jullien's results have usually

been discredited by later writers. The study of a number

of Cheilostoniatous genera has, however, not only led

me to confirm the accuracy of Jullien's statements, but

has resulted in various conclusions which I believe to be of

importance for the proper understanding of the Cheilostomata.

A summary of my principal results has been communicated

to the Cambridge Philosophical Society (1901).

The present paper is divided into the following parts :

I. Methods employed.

11. List of the species specially studied.
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III. Description of Eutliyris clathrata, n. sp., of

E. obtecta, llincks^ and of Euthyroides
episcopalis, n. gen.

IV. The morphology of the compensatiou-sac and of

the operculum.

A. Flustrina.

B. Cribriliuidse.

c. Lepralioid genera.

D. Microporelloid genera.

E. Microporoid genera.

V. The primary zooscium or ancestrida.

VI. Classilicatiou of the Cheilostomata.

VII. Summary.

VIII. Literature.

IX. Explanation of Plates.

I. Methods emi'loyed.

The choice of species for investigation has been primarily

dependent on the material available for the purpose in the

collection of the University Museumof Zoology at Cambridge.

Spirit material has almost exclusively been used, and I have

in the main selected species in which the calcareous matter

was not developed to so great an extent as to destroy the

transparency of the object. The growing edges of healthy

colonies have furnished the most satisfactory results. The

material was in almost all cases stained, without decalcifica-

tion, in diluted boi'ax carmine for a prolonged period (five to

seven days, or even more). After being placed iu absolute

alcohol containing picric acid, the fragments were mounted

whole in Canada balsam.

All my more recent preparations have been mounted by a

method to which my attention was called by Mr. II. D.

Geldart, of Norwich. This consists in transferring the speci-

mens diiectly from absolute alcohol to a solution of dried

Caiuula b;dsam in absolute alcohol. In preparing this solu-

tion, the milky mixture which is at first produced becomes a
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complete solution in the course of a few days, particularly if

the bottle be left on the top of a watei'-bath at about 60° C.

The cloudiness which appears on first mounting a preparation

soon disappears from a slide left on the water-bath. This

method cannot be too strongly recommended for certain

Polyzoa, particularly for the more delicate Ctenostome

genera, which are distorted almost beyond recognition by

the use of oil of cloves.

In the case of some of the more densely calcified species I

have found great advantages in the use of the method

recommended in my paper on Stegauoporella (1900,

p. 240) of removing the basal wall, by means of a scalpel,

from stained colonies (not decalcified) embedded in paraffin.

I have also made use of thin slices, cut by hand, of uncal-

cified material embedded in paraffin. I am convinced of the

great importance of studying the Cheilostomatain nncalcified

Canada balsam preparations. Most of my slides have been

examined with a binocular microscope and a quarter-inch

objective.

II. List op the Species specially studied.

1. Eutliyris clat.hrata, n. sp.

2. ,, obtecta, Hiiicks

3. Euthyroides episcopalis, Bus

(n- gen.)

4. Flustra piscifonnis, l)U^k

5. ,, papyiea, Pall.

G. ,, cribiiformis, Bubk

7. Farcimiiiaria hexagoiia, Busk

8. Dimetopia spicata, Busk.

9. Bicellaria grandis, Busk, var. pro

ducta, MacGilliviay .

10. Bugula neritina, L.

11. Membraniporella nit ida, Jolinsf,.

12. Cribrilina pliiloinela, Busk

13. „ radiata, Moll .

II. Unibouula verrucosa, Espcr .

15. ,, |)avoiiella, Alder

10. Lejiralia pallasiana, Moll

Port Jackson.

Torres Straits.

Victoria.

Bass's Strait (Challenger Coll.)

.

Naples.

Singapore.

.Amboiua (Challenger Coll.).

Victoria.

Victoria.

Naples.

S. Devon.

Marion Is. (Challenger Coll.).

Naples.

S. Devon.

North Sea.

Naples.
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17. Lepralia ilorsiporosa, Bubk .

IS. „ biiicera, Sinitt .

ly. ,, liaddoni, ii. sp. .

20. Schizoporella linearis, Hassall

21. „ sanguinea, Norm.

22. ,, • australis, Haswell

215. Urceolipora nana, MacGill. ( =
Caly mniopliora lucida, Busk)

24.. Smittia trispiuosa, Jolinst., var

arbor ea, Levins.

25. „ reticulata, J. MacGillivray

26. Catenaria lafontii, And. .

27. Vittaticella cornuta, Busk

28. Catenicella alata, Wyv. Tlioins.

29. „ plagiostoma, Busk, var

setigera, MacGill.

30. „ hastata. Busk

31. ,, lorica, Busk

32. ,, wilsoui, MacGillivray

33. Calwcllia gracilis, Maplestoae

34. „ (Onchopora) sinclairii,

Busk ....
35. ,, (Urceolipora) den tat a,

MacGillivray .

30. Ichtliyaria oculata, Busk

37. Oncliopor ella bombycina. Busk

(not Ell. and Sol,) . , . .

38. Micro])orella iiialusii, Aud.

39. ,, ciliata, Pall.

40. Micropora, sp. .....
41. Stegano|)orella alveolata, llaiiner .

Torres Straits.

Davis Straits.

Torres Straits.

Naples.

Naples.

Torres Straits.

Victoria.

Greenland.

Na|)les.

Naples.

Victoria.

Victoria.

Victoria.

Victoria (Challenger Coll.).

Victoria.

Victoria.

Victoria.

S. of Kcrguelen Is. (Challenger

Coll., Stat. 153).

Victoria.

S.E. of Buenos Aires (Chal-

lenger Coll., Si,at. 320).

New Zealand.

Naples.

Naples.

Torres Straits.

Torres Straits.

III. Eiitliyrisj Iliiicks, and Eutliy roideSj n. geu.

Euthyris chitliriitn^ n. sp. PI. 16^ iigs. 18 —ol.

Zoiiriiiia Elustrinu iu liabit, ol' stiff, corneous texture,

composed ol" narrow, parallel-sided, frequently bituicating

branches, with truncated ends. Zooocia opening on one

surface only, the orifices arranged with great regularity in
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oblique rows passing entirely across the branch in two inter-

secting directions. Orifices apparently connected by a

continuous, brown, transparent epitheca, a short distance

below Avhich the frontal surface of each zooecium is strength-

ened by a system of irregular calcareous bars, which tend to

radiate from a point in the middle of the base-line of the

operculum towards the proximal and lateral sides of the

zocecium. Basal side of the branch similarly covered by an

epitheca, which each zocecium reaches along a longitudinal

line narrower and shorter than itself. Opercula large,

dimorphic, the ordinary form about as long as broad (250 to

270 ju), the others with a broader base (290 to 320 /<). Both

kinds of opercula are strengthened by a conspicuous 12-shaped

sclerite. The distal margin of the vestibule is provided with

a chitinous lip, which is overlapped during retraction by the

large lateral flanges of the operculum. Ovicells not found,

and probably absent.

The material was discovered by Mr. T. Whitelegge under

rock ledges, at low-tide line, Watson's Bay, Port Jackson,

and in Middle Harbour, Port Jackson. Although part was

in spirit, its condition was not sufficiently good to make a

complete anatomical investigation possible.

The genus Euthyris was founded by Hincks^ for a new

species, E. obtecta, from North Australia. The generic

name, introduced '' to suggest the idea of higher structure "

in the operculum, is particulai'ly appropriate to E. clathrata,

in which the operculum is specially complicated. The two

1 ' Ann. Mag. Nat. Hist.' (.5), x, 1882, p. 104. In 1871 Quensteilt (' Petie-

faktenkunde Deutschlands,' Abtli. I, Bd. ii, p. 412), in discnssinrr the struc-

ture of a Brachiopod, used the following words :
—

" Man konnte sie dalier

wohl Euthyris aber nicht Athyris nenneu." I have not been able to ascer-

tain that Queustedt made any further use of the word Euthyris, and he

does not even refer the species he is discussing to that genus. It appears,

therefore, that he was not in reality proposing a new genus (and he certainly

did not define it), but was merely making a verbal criticism of the name

Athyris, Although Euthyris (Quenstedt) is mentioned by Zittel in his

well-known ' Handbuch d. Paleeont.' (i, p. 684) as a synonym of Spirigera,

it does not seem to me that it has any valid claim to recognition.
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species agree in their lialnt, in tlieir diuiorpliic opei'cnla

(probably associated with the absence of ovicells), and in the

highly developed chitinous epitheca which overspreads the

entire zoariuni. E. clathrata differs from E. obtecta in

having its frontal calcareous wall composed of irregular bars,

iustead of a simple, perforated, calcareous lilm, and in the

fact that there is no large space between the frontal epitheca

and the calcareous walls.

I feel doubtful whether Euthyris woosterijMacGillivra}',^

is rightly referred to this genus ; but, on the other baud,

Carbasea moseleyi, Busk (1884. p. 5C), perhaps belongs

to it.

The largest colony of E. clathrata measures about 18'5

cm. or 7 J inches in length. The branches are 2 to 4 mm.
wide, averaging about o mm. near their free ends, but lessen-

ing towards the base of the colony, which appears to have

been attached by a narrow base Avithout rootlets. A branch

4 mm. wide has about thirteen orifices in each oblique row.

The colour is brown in the older parts, yellowish near the

ends of the branches. The zoarium frequently bifurcates,

showing some tendency to form a unilateral cyme. The

terminal divisions (PI. 16, tig. 18) may reach a length of 3"5

cm. without bifurcating, but the ordinary length of the

divisions is not more than 1*5 cm. The frontal surface is

somewhat convex, the opposite surface flatter. The calca-

reous walls of the zocecia are arranged as follows : —The

lateral and terminal walls are everywhere complete, and are

perforated by numerous pores. At the proximal end (fig. 22)

the two lateral walls pass continuously into one another in a

regular curve, which forms the base of the zooicium, and is

placed some distance within the basal epitheca (fig. 26, h. ep.).

At the distal end the lateral walls appi'oach one another

basally, and are separately inserted into the basal epitheca,

forming a linear mark (figs. 22, 27) constantly shorter than

the zo(ecium, but varying in length ; this is connected with

the similar part of the next zoa3cium by a chitinous " meseu-

' ' Pioc. R. iSoc. Vict..' (N. S.), ill, 1891, p. 71.
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tery " (fig. 22, m.). The effect of the arrang-oment indicated

in fig-. 27 is to keep the epitheca stretched as a flat raembraue

at some distance from the basal calcareous walls of the

zooecia. The cavity beneath the epitheca is divided into a

series of parallel longitudinal spaces by the parts of the

zooecia above described. The linear figure formed by the

insertion of the zooecium into the basal epitheca is in some

cases bifurcated proximall}^ On the frontal surface (figs.

20, 21) each orifice is surrounded by a soniewliat irregular

ring of calcareous matter, from each side of which is given

off a sti'oug condyle (fig. 21, cond.) or " denticle," the two

condyles forming the hinge of the operculum. The fi'ontal

surface is strengthened by a highly variable arrangement of

calcareous bars, the general position of which is shown in

fig. 20. The bars are in the main flattened, their flat surfaces

being parallel with the surface of the bi'anch, but in curving

down into the lateral walls they usually give off vertical

flanges from their free surface, and these form bridges across

the depressed intervals between two zooecia, joining similar

flanges in the adjacent zooecia. At the free end of the

brauch the proximal parts of the bars are first formed, and

they grow in a distal direction beneath the epitheca.

Along the lateral margin of the branch runs a tube (fig.

20, m.c.)^ which has usually been described as a ^'chitinous

fibre" in other forms of Flustrine habit. This is merely a

part of the branch wlucii is not divided into zooecia, and

calcareous bars (c. h.) extend from the marginal zooecia nearly

to the outer edge of its free surface; it contains, moreover,

strands of funicular tissue which pass across its lumen. This

space runs as a continuous tube along the whole margin of

the brauch, and it communicates with the cavity which lies

between the backs of the marginal zooecia and the basal

epitheca.

E. clathrata, like E. obtecta, is characterised by the

dimorphism of its opercula. This is shown in figs. 20, 21,

representing the ordinary type ("a") and the second form

' Cf. Waters, 18'J6, p. 291.
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("b"). 'J'lie zocEcia to wliicli the two kinds of opercula

respectively belono- also show some dimorphism. In the

A-zooecia the condyles for the aiticnlation of the operculum

ore long- recurved teeth (fig. 21), while in the B-/ooecia they

are shoi't tubercles. The distal calcareous wall of the

A-zooecium is at the same time the proximal wall of the next

zooecium in the same longitudinal line. In the B-zooccium

this is not the case. The distal zoa3cium has a proximal

wall (j). u'.) of its own, from which some of its calcareous bars

may spring, and this is mnch thinner than the distal wall

(d. w.) of the proximal zooecium, from which it is separated

by a narrow cresceiitic space, ])assing about half round the

operculum of the proximal zooecium. This suggests that

the B-zocEcia possess a vestigial ovicell. The condition of

my specimens unfortunately prevents Tue from ascertaining

whether the production of ovaries is limited to B-zooecia. In

two cases counted at random, about three A-zooecia occurred

for every B-zooecium, no regular arrangement of the two

kinds being apparent. The additional breadth of the

B-operculum is correlated with a slightly increased trans-

verse diameter of the zooecium itself, immediately on the

proximal side of the operculum. This makes an appi-eciable

difference in the capacity of the zocccium, a fact which is in

favour of the view that the B-zocecia are female. Similar

differences in the opercula are commonly met with in other

Cheilostoraes, in which the operculum of an ovicell-beai'ing

zoa3cium may be wider than that of the ordinary zooecia.

Two features in E. clathrata demand especial attention,

namely, the compensation-sac and the operculum. For the

discovery of the compensation-sac Jullien (1888, 1) is

entitled to full credit,^ although his results have been re-

1 See my preliminary paper (1901) on tliis subject. Jullicn's accounts of

tlie compensation-sac were very short, and liis figures were not adequate. He
nowhere brinf,'S out the importance of the sac in tlie discussion of the mor-

Iiholoiry of the Ciieilostomala. So far as I know, he mentions its parietal

muscles in only one phicc Tiiis is in the ex|)lanation of a figure of Cribri-

lina figularis (1888, ii, p. 272), iu which he uses words which seem to
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ceived with scepticism,, wliich proves to have been un-

justified.

The Compensation-sag of this species is a very large cavity

which underlies pi'actically the whole of the frontal surface

of the zooecinm. In longitudinal section (fig. 26, c. -s-.) it is

seen to be perfectly distinct from the body-cavity, from

which it is sepai-ated by a delicate membrane, constituting

the floor of the sac. This membrane passes continuously

into the base-line of the operculum, immediately proximal to

which the sac opens to the exterior. When the operculum

is closed the aperture of the sac is a virtual transverse slit.

In the case of ordinary Escharine forms this aperture is so

little apparent that it has commonly been supposed that the

base-line of the operculum actually articulates with the

adjacent part of the calcareous wall —a state of affairs which

is often by no means the case. The roof of the compensation-

sac is protected by the calcareous bars (/. h.), and the frontal

wall of the zooecium is bevelled oif on the proximal side of

its aperture, in the characteristic way shown in fig. 2(3. The
purpose of this arrangement is obvious. The sharp edge of

the frontal wall of the zocecium is in contact with the base-

line of the operculum when the latter is closed. When the

operculum is open (fig. 24) the plane of its free surface

becomes parallel with that of the bevelled edge of the frontal

wall, so that water can have unobstructed access to the sac.

As supposed by Jullien, there can be little doubt that the

enti'y of water into the sac renders the protrusion of the

polypide possible, but it almost necessarily follows that the

constant change of the water in the sac makes this structui-e

an important organ of respiration.

In this species I have been able to obtain only unsatis-

factory evidence, in consequence of the state of its preserva-

indicate tliat he had appreciated the morphological importance of his discovery.

The words are as follows :
—

" Muscles retracteurs de rabdonien (fibres muscu-

laires parietales des auteurs). Elles rctractent en realite la paroi al)dominalc,

mise en I'videnco par la docouverle de la cliamhre ;\ can de compensa-
tion ou chambre compcnsatrice."
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tioiij with I'egard to tlie existence of the '' parietal muscles "

which elsewhere dilate the compensatiou-sac ; but the analogy

of other Cheilostomes leaves little doubt as to their presence.

The Operculum is a very remarkable piece of mechanism,

which forms a most efficient means of protecting the entrance

to the tentacle-sheath. Most of the existing descriptions of

Cheilostomatous opercula take account of the appearance

of the outer surface oidy of this structure —a very inadequate

way of arriving at its i-enl relations. Although E.clathrata

has an operculum which, judged by the descriptions available

for comparison, would appear to be unusually complex, it is

in tlie highest degree probable tli.it a renewed examination of

other Cheilostomes will show that it is by no means unique

in this particular.

The first part of the introvert which leads to the mouth of

the polypide is constituted by the "diaphragm" or

" vestibule" (fig. 26, vest.), which is a musculnr invagination

projecting into the tentacle-sheath, and communicating with

it by a central aperture.^ The way in which the vestibule

opens and closes has been aptly compared with the action of

a clasp-purse. The structures which protect the vestibule

of E. clathrata have a superficial resemblance to the skull

of a turtle (Chelone), the skull with the upper jaw being-

represented by the operculum, and the lower jaw by a

chitinons lower lip (tigs. 23 —27, Ih.), which I propose to term

the'' labium." The labium was described by Hincks^in a form

from the Queen Charlotte Islands, named by him Lepralia

bilabiata, in allusion to the existence of this structure. It

is probable that it will hereafter be found in numerous

Ciieilostomata.

The labium can be clearly seen in those zooocia of the dry

colony in which the opei'culum is open (fig. 10). Between it

and the edge of the downwardly })rojecting flange {ji.) of the

' See, for a desciipUon of (liis structure, Nifsclie (1871, p. 432), Jullien

(1888, 4, p. 38), and Calvet (1900, pp. 180, 201).

^ ' Aim. Ma!,'. Nat. Hist.' (5), xiii, 1S8I, p. 49. The labium is the " upper

lij)
" of lliiicks's description.
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operculum is seen the eutrauce to the vestibule, while the

aperture of the compensation-sac is situated between the base

of the operculum and the calcareous frontal wall of the

zooDcium.

The relations of the same parts are explained by the thick

longitudinal section shown in fig. 26, in which the operculum
is very nearly closed. By deep focussing can be seen the

calcareous condyle {cond.) which constitutes the hinge. The
divaricator muscles {div.) of the operculum are paired

;

each originates from one of the lateral walls of the zooecium,

and passes obliquely towards its frontal surface, crossing the

condyle on its proximal side, to reach its insertion into the

basal sclerite of the operculum. The contraction of these

muscles will obviously have the double effect of opening the

vestibule and of opening the compensation-sac. The oper-

culum is prolonged laterally into a very large triangular

flange
{fl.),

whose plane is at right angles to that of its free

surface (see also figs. 24, 25, 27). The occlusor muscles

(occl.) are similarly paired, each originating from the lateral

wall of the zooecium at a deeper level than the divaricator,

and passing obliquely across the base of that muscle to

reach its insertion, on the distal side of the condyle, into

the tip of the triangular flange. Fig. 25 shows that the

insertion is by means of a broad tendon. Since the

labium articulates with the operculum in this region, the

effect of the contraction of the occlusor muscles will be,

not only to close the operculum itself, but also to retract

the labium from the position shown in fig. 24 to that shown
in fig. 25. In the closed condition, the labium lies just

inside the vertical flange of the operculum.

The lateral flanges are not really independent structures,

but they pass into one another in a continuous curve round
the distal side of the operculum, their free border, continuing

the comparison with the turtle's skull, constituting the biting

edge of the upper jaw. In longitudinal section (tig. 20) the

upper jaw appears to be strengthened by a strong buttress

{huttr.) which passes from the free surface of the operculum.

VOL. 46, PART 2. KKWSERIES. S
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This is a part of tlio i2-shaped figure which is seen in a

surface view (fig. 21) of tlie operculum, an appearance which

results from the fact that the thickness of the chitin is not

everywhere the same. The whole of the region included

within the two limbs of the 12 is much thickened (figs.

26, 27), while the rest of the free surface, as far as the edge,

is composed merely of thin cuticle (fig. 29). From the

median thickening a curved chitinous buttress diverges

(figs. 28—31) on each side, passing down into that part of

the body-cavity which immediately underlies the free surface

of the operculum. In young zocEcia, the space between the

buttress and the outer lamella of the operculum contains a

conspicuous epithelium, which secretes the cuticular sub-

stance of which the operculum is composed. Remains of this

cellular material may be seen, in the same position, in the

adult operculum.

The greater part of the thickness of the operculum is con-

stituted by a superficial layer of cuticle which readily stains

yellow with picric acid. The whole of the deeper surface of

this layer (and therefore both sides of the strengthening

buttress which depends from the free surface), is lined by a

much thinner layer of chitin (not indicated in the figures),

which takes a red colour in sections stained with borax car-

mine and picric acid. A two-layered chitinous cuticle has

been described in certain Gymnolasmata by Calvet (1900,

p. 164).

The buttress of the operculum is crcsceutic in shape, as

seen from above (fig. 21, hiittr.). Thus, if the thin lateral

parts of the outer lamella of the operculum were removed,

there would be exposed a crescentic cavity, the limbs of the

crescent being directed towards the proximal side of the

zooecium, the floor of the cavity being constituted by

the slightly concave upper surface of the buttresses. Distally

the buttress meets and fuses with the vertical flange of the

operculum (fig. 26). Laterally the fusion is incomplete

distally (figs. 27, 28), so that the cavity above the buttress is

here continuous with the general body-cavity. lu the
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proximal half of the operculum the buttresses agaiu meet the

lateral flanges (figs. 29 —31).

The distal half of an operculum is shown in fig. 27, which

represents a transverse slice of a specimen with its calca-

reous parts, cut freehand ^ after embedding in paraffin. By
focussing deeply are seen the labium {Ih.) and the curved slit

between it and the edge of the operculum. Into the ends of

the lateral flanges of the operculum, and at the same time

into the two sides of the base of the labium, are inserted the

occlusor muscles [occl.]. By focussing less deeply the free

edges of the lateral buttresses are seen ; while the cut surface

passes through the region of the condyles {coud.). Fig. 26

shows that the operculum works on its condyles as a lever of

the first order, the occlusors {occl.) and the divaricators {div.)

passing on opposite sides of the fulcrum.

Fig. 28 shows a transverse section of the distal part of the

operculum where the buttresses have a free edge. Fig. 29

is through the hinge-line. The vertical flange is still deep

(cf. fig. 26), and is here strengthened by the buttresses,

which have completely fused with it. On the proximal side

of the condyles the depth of the flange rapidly diminishes.

In the entire operculum a small circular mark (fig. 21, a')

appears on each side near the proximal end of the 12-shaped

figure. In transverse section (fig. 30) this is seen to be due

to the fact that at this point the buttresses leave the vertical

flanges and are inserted into the free wall of the operculum,

so that at this point the body-cavity is separated from the

outside by a single layer of chitin. The small tube thus

formed often stains deeply in carmine preparations. I am
unable to explain the meaning of this arrangement. The

tube does not communicate with the space above the

buttresses. On its proximal side the operculum becomes

very shallow, as indicated in fig. 31, a section just on the

distal side of the basal sclerite. This forms, with the median

thickening, a horizontal J.-shaped figure, the outline of which

' The hard nature of Uie cliitiu makes it difiicull to pifpaie iiucrotoine

sections of the opercula.
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gives ribo to thu 12-sliaped mark seen in an external view of

the operculum (fig. 21).

In decalcified sectious the calcareous part of the condyle is

seen to be surrounded by a strong layer of chitiu. In longi-

tudinal sections this has the appearance indicated in tigs. 25,

2G (co^id.), the chitin being developed especially on the

proximal side of the condyle. Fig. 24, which represents an

open operculum, shows that this chitinous investment is pro-

longed into the sharp edge {scl.) Avhich surrounds the cavity

in which the operculum lies (see also figs. 27, 29). This edge

is continuous with a layer of chitin forming the outer wall of

the cavity (figs. 28 —31) ; and this, in its turn, becomes con-

tinuous with the deep end of the vertical flange of the oper-

culum. The flange is strongly bent inwards so as to lie along

the surface of the condyle.

I think there is great probability that these arrangements

are in the nature of a spring, and that if the partially opened

operculum shown in fig. 29 be imagined to be closed by the

occlusor muscles, the shape of the lateral flanges and of the

buttresses will be somewhat distorted by the surfaces of the

condyles. The elasticity of the operculum would thus tend

to commence the opening of the orifice and of the compensa-

tion-sac. This supposed elasticity probably gives a reason

for the free ends of the buttresses in the distal part of the

operculum, an arrangement which would facilitate the slight

alterations in the vertical flanges during the movements of

the operculum.

The whole apparatus, consisting of the operculum, the

labium, and the chitinous cutting edge which surrounds the

cavity containing the operculum, is obviously one of remark-

able perfection, and is well adapted to defend the entrance

to the tentacle-sheath.

The most external part of the vestibule is lined by a

distinct layer of cuticle (fig. 26), which is continuous with

the cuticle of the operculum and with that of the labium.

The actual " biting " surface of the jaws is constituted by a

thickened ])art of the cuticle, as shown in the same figure.
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That of the operculum is so close to the insertion of the

buttress into the vertical distal wall as to receive support

from the buttress. That of the "lower jaw" is continuous

with the main thickening- of the labium, which is the deeper
wall, as shown in fig. 26.

I have few observations on other points in the structure of

this species. In the material at my disposal a certain

amount of disintegration appears to have taken place before

the specimens were preserved. 1'lie number of tentacles is,

however, about twenty-two.

Euthyris obtecta, Hincks/ PI. 16, figs. 32—37.

The B-zooecia are much larger than the A-zooecia, the

ratio in volume being probably at least 2 : 1 (figs. 32, 35).

'J'he A-opercula are of much the same shape as in

E. clathrata, while the B-opercula are relatively much
broader. The condyles are weaker than in E. clathrata,

and are situated nearer the proximal border of the oper-

culum. But what most strikingly differentiates the two

species is the character of the calcification. The calcareous

wall is everywhere complete in E. obtecta, the basal wall

being uniformly rounded along its whole extent. Both kinds

of zooecia are flask-shaped (figs. 34, 36), the opening* of the

neck of the flask being filled by the operculum. A con-

tinuous flat epitheca overspreads the entire zoarium, being

stretched out in the plane of the opercula on the frontal

surface of the branch, and at a considerable distance from

the zocecia on the basal surface (fig. 34, ejp., b. ep.). The

space beneath the epitheca (ep. c.) is thus extremely large,

and that of the frontal surface is continuous with that of the

opposite side by means of the undivided space which runs

along each edge of the frond (figs. 32, 35, tn. c).

On the frontal surface the epitheca is supported in the

main by the edges of the orifices of the zooecia, but in

addition by a few calcareous tubercles (fig. 34, calc. j^-),

which arise irregularly from various points of the surface of

' ' Ann. Mag. Nat. Hist.' (5), x, p. Ifii
;

(G), xi, p. 177.
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the calcaroons wall (fig. 32), and pass vertical!}' to the

epitheca. Basallj these tubercles are longer and are rather

more regularly arranged. Their arrangement is seen in

figs. 34—36, from which it is apparent that they serve to

keep the epitheca stretched out at a considerable distance

from the calcareous part of the zooecium. In my preliminary

note (1901, p. 16) I have pointed out that there is evidence

that many Cretaceous Cheilostomes were provided with a

basal epitheca, as is indicated by the presence of calcareous

papillte resembling those of E. obtecta. It may perhaps

be suggested that a function of the epitheca is to protect the

calcareous Avails from the attacks of boring organisms (e. g.

the Infusorian Folliculina) which infest many calcareous

Polyzoa,

The calcified wall of E. obtecta shows no trace of the

bar-like arrangement so characteristic of E. clathrata. It

is, on the contrary, a continuous calcareous film, traversed

by pores. As in the other species, these pores partly form

communication-pores traversing the partition-walls between

zooecia, and they are partly in relation with the space

beneath the epitheca. It is hardly necessary to point out

that in neither case are they open pores, although the cal-

careous matter is deficient in these regions. The portions of

the vertical walls which are actual partition-walls are of

limited extent (fig. 36), so that but few of the pores are com-

munication-pores (c. 2^.) between zooecia. I have seen no

evidence that the number of these is restricted to eight, as

stated by Waters (1896, p. 282). The majority lead to the

spaces beneath the epitheca, particularly to that on the basal

side of the frond (figs. 35, SQ). They are less numerous on

the frontal side (fig. 36).

The marginal part of the frond may be strengthened by a

system of bars (fig. 37) which recalls those already described

in the zooecia of E. clathrata. This system makes its

appearance first in the angle between the two lobes of a

bifurcation, and begins as a set of regular calcareous bars,

running near the frontal surface, and originating from the
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outer sides of tlie mnrginal zooocin. Each bar is at first

narrow, but soon dilates into a thickened, tuberculated,

rounded head, the heads being closely apposed to form a con-

tinuous calcareous border. From the border a longitudinal

vertical ridge stands up at right angles to the frontal

epitheca, which it meets. A similar ridge [l] connects the

border with the basal epitheca. In older branches each bar

may be dilated at two points, and a second longitudinal ridge

may be formed on each surface (fig. 37, I, I).

The marginal thickening,^ thus constituted of a series of

calcareous thickenings, gives flexibility as well as strength to

the margin of the frond. There can be little doubt that the

space beneath the epitheca is a kind of colonial body-cavity.

The marginal bars of E. obtecta can thus be regarded as

directly comparable with the zooecial bars of E. clathrata.

From the irregularity and variability of the bars in the latter

I am inclined to regard this as a species in which the calcifica-

tion has been reduced from a condition like that in E. obtecta.

The general arrangement of the viscera in E. obtecta is

shown in fig. 34. The operculum has conspicuous lateral

flanges, and there is a delicate labium (lb.). The occlusor

muscles [occL] are inserted into the apices of the lateral

flanges. Some of the fibres of the divaricator muscles {div.)

appear to reach the base-line of the operculum, but some are

probably inserted into the adjacent part of the floor of the

compensation-sac (c. s.). This structure is very large, and in

an adult zooecium it underlies the whole of the frontal

surface. Fig. 33 shows its appearance in a B-zooecium in

back view. The greater part of the basal wall {h. iv.) of the

zocecium and part of the polypide have been removed. The
tentacle sheath depresses the sac medianly, but the sac bulges

out on each side into a strongly convex lateral lobe. Each

lobe thus formed is rounded off distally, but by deep focussing

the two lobes can be seen to unite on the far side of the

tentacle sheath into a single cavity, which can be traced to

1 A similar tliickeniug is well known in certain other flexible Clieilostomes.

See, for example, Levinsen's account (1891, p. 274) of Fiustra carbasea.
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the proximal border of the opercuhim. The divavicator

muscles are seen at div. ; occl. indicates the position of the

orio-in of one of the occlusor muscles, while a pair of parieto-

vaginal muscles are seen at p. v. m. Arising from the sides

of the zocecinm are a series of delicate parietal muscles (p. m.).

There is a tendency for these to be arranged in a grouped

manner. They can be traced along the basal surface of the

compensation-saCj into Avhich each is inserted.

A polypide and a conipeusation-sac occur in both forms of

zooecia. Reproductive organs are, unfortunately, absent, so

that it is not possible to ascertain whether the dimorphism

has any relation to reproduction.

The compensation-sac develops in what I shall term the

Lepralioid manner ; that is to say, as an invagination formed

at the base of the operculum after the calcification of the

front wall has been completed. Some of the details of this

process are described in the account of the next species.

Euthyroid es, n. gen. —I suggest this term forCarbasea

episcopalis, Busk,^ a form placed by Hincks ^ in the genus

Euthyris. The diagnosis of the genus may bo given as

follows

:

Zoarium of Flustra-like habit, bordered along each edge

by a tube, interrupted at intervals, which represents a part of

the body-cavity not divided into zooecia, but without other

spaces beneath the epitheca. Frontal wall more or less

calcareous, covering a well-developed compensation-sac. Com-

munication-pores large, typically four on each side. Ovicells

large, external, with a wall composed of two calcareous layers.

The genus differs from Euthyris in the absence of spaces

beneath the epitheca and in the presence of large external

ovicells, and of a very different type of communication-pore.

The zooecia of E. episcopalis (PI. 15, figs. 13—17) are

extremely elongated. Their vertical and basal walls are

calcified, but there is so little calcareous matter in the frontal

' Busk (1S52), p. 52; MacGillivray, 'Prod. Zool. Vict.,' 1, Dec. v, ISSO,

p. 28.

» 'Ann. Mag. Nat., liisf.' (5), x, p. IGI.
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wall that tliis part may not entirely retain its shape in

drying.

Large, oval comraunication-pores, or rosette-plates, occur

in the lateral walls, at about the middle of the interval

between the frontal and basal surfaces (fig. 14, c.j^-). Each
zooecium is normally bounded by two zooecia on each side,

and it usually communicates with each of its four lateral

neighbours by means of two (rarely three) rosette-plates.

In the terminal partition-walls, there is a horizontal row of

small pores in place of definite rosette-plates. The vertical

walls have no other pores.

The transparency of this species makes it a favourable

one for the study of the compensation- sac. At the growing

ends of the branches the frontal surface of the zooecium is at

first an nncalcified membrane, in which calcification begins

at the proximal end and gradually extends distally. The

outline of the operculum becomes apparent before calcification

invades its immediate neighbourhood. Shortly before the

edge of the calcified frontal wall (fig. 13, x) reaches the

region of the future operculum, the part of the uncalcified

membrane immediately proximal to the opercular base-line

shows a special accumulation of nuclei (c. s.), towards which a

number of muscle-fibres radiate through the body- cavity from

both lateral walls. When the calcification has advanced so

far as to mark out the future orifice, two lateral calcified

processes and a median tongue-like structure begin to grow

up just proximal to the operculum (fig. 14, I. p., tg.). The

nuclei are arranged in a more definite mass along the proximal

margin of the orifice, to which the lumen of the tentacle-

sheath {t. s.) now extends. Still later, the two calcareous

processes meet, although the suture between them is per-

sistent. There is thus left, between them and the calcareous

tongue, a crescentic pore (fig. 15), the concavity of which is

directed proximally. This is an aperture of the compensa-

tion-sac, which, however, opens to the exterior at the proximal

edge of the operculum as well, an arrangement which is most

obvious in the fertile zooecia. The occlusor muscles of the
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operculum are large, and ori<i;inate from the lateral pnrts of

the basal wall, close to the distal end of the zooccinm. The

divaricator muscles originate from the lateral walls of the

zooecium, in the same neighbourhood.

The zoarium is bounded by a tubular cavity, which is,

however, not continuous, as in the preceding species. The

cavity is a direct prolongation of one of the longitudinal

lines of zooecia, and may be compared with what Smitt calls

a ^' Samknopp " (1865, p. 6). After extending a length of

perhaps five ordinary zooecia it ceases abruptly, and a new

marginal tube is formed as a prolongation of the series of

zooecia next internal to it. The lateral tubes are connected

with the adjoining zooecia by communication-pores.

The ovicell (fig. 10) of this species is well known from

Busk's description. It is very prominent, and is provided

with a median longitudinal keel, on each side of which is a

large elongated fenestra (/.). This is simply a membranous

deficiency in the outer wall of the ovicell, which is composed

of two calcareous layers. The fertile zooecium is distin-

guished from the others by a peculiarity in its calcareous

frontal wall. Instead of having a single pair of prominences

on the proximal side of the operculum, it has several such

prominences (figs. 16, 17), the arrangement of which is some-

what variable. There are either several tubular calcareous

bars radiating towards a point in the middle of the zooecium

(fig. 16), or a short series of bars disposed more definitely in

pairs (fig. 17). The latter arrangement seems to occur

typically in those fertile zooecia which have an ovicell on

their proximal side, and the former in a fertile zooecium

which is the first of a longitudinal series.

The resemblance of these bars to the frontal bars ^ of a

' I suggest the term " frontal nicnibianc " for the membranous body-wall

wliicli is siretched over tiie "aperture" of a Membraiiipora (fig. 43).

The *' frontal bars," or " costules " of some authors, are the bars which grow

over tills membrane in a Cribrilina (figs. 8, 44) ; wiiile I propose the term

" frontal sliield " for tiie calcareous part of tlie frontal surface of aCiicilostome.

The frontal shield is proi)ably not homologous in ail Clieiloslomes, but tiie

term may be used as a purely descriptive one,
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Cribrilina is vei'y sti-iking. Tliey arch over a greatly

reduced frontal membrane, into which parietal muscles are

inserted in the immature condition of the zooscium (fig. 17).

The bars are calcareous tubes, opening by a foramen into the

body-cavity just external to the frontal membrane, and each

bar has a minute membranous fenestra near its tip. After

the complete formation of the bars there is fomid (in the

fertile zooecium) a stage in the development of the com-

pensation-sac precisely like that shown in fig. 15 in a

zooecium without an ovicell, and it can now be seen that the

operculum is continuous with the floor of the compensation-

sac, a wide opening into which is left between the operculum

and the first pair of bars. In the mature fertile zooecium the

compensation-sac extends under the greater part of the

frontal shield, as in the ordinary zooecia.

There is little difference between the relations of the frontal

bars in the fertile zooecia of E. episcopal is and that found

in certain species of Cribrilina (e. g. C. figularis), in

which the frontal membrane surrounded by the bars is of

reduced extent.

In the immature ovicell of E. episcopalis (fig. 17) the

inner calcareous wall is a concave plate (^'. w.) lying on the

surface of the zooecium next distal to that to which the ovicell

belongs. The outer calcareous layer (o. tt-.) rises up con-

centrically outside it, and between the two is a mass of living

tissue. It is impossible not to be struck by the resemblance

between the development of the ovicell and that of the frontal

bars. The ovicell may be compared with two greatly ex-

panded bars, composed, like the others, of two layers of

calcareous matter surrounding living tissue.

The median keel of the mature ovicell represents the

line along which these bars meet, and corresponds, I believe,

with a complete septum between their cavities. It may thus

be suggested that the ovicell is formed by the fusion of a

pair of greatly expanded oral spines, the bases of which

should communicate with the fertile zooecium on each side

of the operculum. I cannot claim to have pi'oved this to
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be the case, though I have obtained some evidence pointing

in that direction.

Dr. G. M, R. Levinsen has kindly given me permission to

alhide to his very interesting observation (which he proposes

to publish hereafter), that in Alysidium parasiticum,

Busk/ the ovicells develop as two arched, hollow valves,

corresponding with the oral spines which occur on the

ordinary zooecia. I do not at present know what conclusions

Dr. Levinsen deduces from this observation, with which I was

acquainted before making my own on E. episcopalis.

In HeterocBcium amplectens, Hincks^ has described

a Membranipora-like Cheilostome, in which the ovicell is

constitnted by a number of spines placed distal to the oper-

culum, which meet in a Cribrilina-like manner, and form a

structure which, in other respects, resembles a normal ovicell.

Calvet (1900, pp. 57, 58, 132, pi. ii, fig. 14) states that in

Bngula there is a coramuuicatiou-pore between the ovicell

and the distal zooecium.

It follows from the account given by Calvet and others,

that the cavity of the ovicell, internal to its inner layer, is an

external space which is overarched by the double wall of the

ovicell. This is obviously true in a case like that of

Mucronella coccinea, where the most distal oral spines

of the fertile zooecium are actually inside the cavity of the

ovicell.

Further investigation is necessary to decide the morpho-

loo-ical nature of the Cheilostome ovicell. The existence of

three possibilities is generally recognised : —(1) That the

ovicell belongs to the fertile (proximal) zooecium
; (2) that it

belongs to the distal zooecium
; (3) that it is a modified indi-

vidual, as believed by Nitsche and others. The second possi-

bility would seem to be indicated by Calvet's observation

above referred to. The relation of the operculum of the

fertile zooecium to the ovicell, the occurrence of the " internal

' 1852, p. 14.

2 'Ann. Mag. Nat. Hist.' (5), viii, ISSl, p. 129, pi. iii, fi,^^ 7; iM. (G),

ix, p. 332.
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ovicells" found in certain species of F lustra and elsewhere^

and in particular Dr. Levinseu's account of Alysidium
parasiticum, seem to be iu favour of the view that the

ovicell is a part of the fertile zocecium.

Iu his original account of Flustra militaris/ Waters

suggests that this species is allied to E. episcopalis, calling

attention to the resemblance between the ovicells of the two

forms, but noting the existence of differences between the

opercula. The two species agree in the great length of their

zocBcia and in their rosette-plates ; but a striking* difference

is seen in the frontal surface, which is membranous in F.

militaris, except for a small proximal calcified region.

Parietal muscles appear to be inserted into this membrane,

as in an ordinary Flustra. The two strong suboral spines

of F. militaris may correspond with the two projections

which in B. episcopalis cut off' the median pore. If the

frontal surface has really the importance in classification

attached to it in the present paper, I see no way of admitting

the affinity of the two species (which undoubtedly resemble

one another), except by assuming either that F. militaris

is a species which has secondarily opened its compensation-

sac, or that E. episcopalis is a modified Flustrine form.

The material at my disposal is not in a condition which

allows me to make a further examination of these points.

IV. The Morphology of the Compensation-sac and or the

Operculum.

I have come to the conclusion that the evolution of the

compensation-sac has not been identical in all Cheilostomes

which possess that structure, but that in some cases it has

been formed by the overarching towards the middle line of

a series of marginal spines in such a way as to cover the

primitive frontal membrane.^ The evidence for the occur-

rence of this process is as follows :

(1) Many species of Membranipora exist in which the

1 'Ann. Mal,^ Nal. Hisl.' (5), xx, p. 93.

2 See p. 282.
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arrangemeut of the marginal spines foreshadows the condition

above indicated.

(2) The Cribrilinidee are transitional from Membranipora

to some at least of the Lepralioid genera.

(3) The arrangement of the muscles connected with the

compensation-sac is derivable from the condition found in

Membranipora.

(4) The study of the primary zooecium.

(5) Palaeontological evidence.

The view that the Cribrilinidee are intermediate between

the Flustrina and the Eschaiina is not a new one. Smitt

(1868, i, p. 401) states explicitly that the frontal bars of

Membrauiporella nitida are homologous with the free

marginal spines of Membranipora lineata; and in his

next paper (1868, ii, p. 48) he shows that Cribrilina marks

a further transition to the Escharines. He leaves Menib rani-

pore 11a in the Flustrina, while placing Cribrilina in the

Escharina. Hincks, on the contrary (1880), places the two

genera in the family Cribrilinidas.

But although taking this view of the intermediate position

of the Cribrilinida3, Smitt was not in a position to show in

detail how the Flustrino zooecium could be modified into an

Eschariue zoujcium. The compensation-sac enters into the

question as supplying the clue necessary for the solution of

the problem.

The foregoing instances have given some idea of the

relatious of the compensation-sac in its fully developed form.

I next proceed to the proposition that the compensation-sac

of some Lepralioid genera has been derived from a Mem-
brauipora-like condition through a stage similar to that of

existing species of Cribrilina.

(a) Flustrina.

Flustra pisciformis, Busk.^ —Fig. 4 shows the general

anatomy of n young zooecium of this species. In the lateral

» 1852, p. 50.
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walls the calcareous matter is in two layers separated by a

chitinous lamella/ as described by Nitsche (1871, pp. 421,

455) . Each, zooecium tlius has its own calcareous lateral walls,

distinct from those of its neighbours. In two regions,

respectively proximal and distal to the broadest part of the

zooecium, the lateral wall is thickened at its frontal edge.

At tlie proximal narrow end the calcareous Avail becomes

deficient, and the terminal partition wall, which is thicker

than any of the others, belongs to the proximal zooecium of

the two which it divides. This accords with Levinsen's

statement (1891, p. 251) that in many Cheilostomes the

terminal wall is single, while the lateral walls are double, so

that the longitudinal rows of zocecia can be isolated from one

another by boiliug with caustic potash. The frontal surface

is entirely membranous ; the operculum is merely a part of

this membrane, and has no basal sclerite. When the oper-

culum is open (fig. 3) it is seen to have a vertical flange,

produced into lateral points, as in Euthyris. A similar

arrangement is described by Nitsche - in Membranipora
membranacea. The occlusor muscles [occl.) are inserted

into these points, and originate, as in Euthyroides episco-

palis, from the basal wall. A pair of strong parieto-vaginal

muscles {'p. v. m.) pass from the tentacle sheath to the basal

wall, and a smaller pair (p. v. 7n/) connect the tentacle sheath

with the frontal wall ; but none pass to the vertical walls

(cf. Calvet, 1900, p. 199). A pair of strong parieto-dia-

phragmatic muscles (p. d.) spring from the basal wall, just

internal to the origin of the occlusor muscles, and are inserted

into the diaphragm or vestibule. The retractor muscles (r. ?»..)

of the polypide have their origin in one of the corners of the

fish-tail-like proximal end of the zooecium. About four

' 111 a recent paper by Scliuiz ('Arcli. f. Naturg.,' Ixvii, Bd. i, Heft 2,

1901, p. 118, pi. vi, fig. i) tills cliitinous lamella is figured as a much tliickcr

layer than anything 1 have ever seen. The species investigated by Scimlz was

M. " iiieinbranacea " ( := M. nionostachy s, Bii«k ; of. Levinsen [1891],

p. -277).

1871, p. 422.
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groups of parietal muscles {p. rii.) are seen, of whicli the distal

group {p. m.') originates from the basal wall, and the rest

from the vertical walls, close to their junction with the basal

wall.

These arrangements are moderately constant in all the

zooecia. The distal group of parietal muscles is always strong,

and is commonly stronger than the others. The number of

groups does not vary much, but it is important to notice that

the distal group may (rarely) originate from the base of a

vertical wall, and conversely that the other parietal muscles

may originate from the basal wall. The distal parietal muscles

thus clearly belong to the same series as the rest.

The mode of action of the parietal muscles has been well

described by Nitsche (1871, p. 426), who showed that the

pressure on the fluid of the body-cavity due to their contrac-

tion was the main cause of the protrusion of the polypide. A
more detailed account of the same process is given by Calvet

(1900, p. 63).

F. pisciformis has no distinct divaricator muscles. The

opening of the operculum is probably largely due to the fluid-

pressure brought about by the conti-action of the parietal

muscles generally ; but it seems to me highly probable that

the distal group of these muscles, by pulling on the membrane

with which the base of the operculum is immediately

continuous, may have a special effect in opening the operculum.

1 regard the distal parietal muscles as the starting point from

which the divaricator muscles of Euthyris and its allies

have been derived.

Flustra papyrea. Pall. —This species is very similar to

F. pisciformis in essential respects. The more noteworthy

differences are (1) the parietal muscles are moi'e numerous,

usually numbering about six to seven groups on each side j^

(2) while each of the ordinary groups consists of not more

than two or three fibres, the distal group is a much broader

and more dehnite muscular band, composed of a considerably

larger number of fibres; (o) the distal as well as the other

' Tliuy are sliowu in my paper (1892), pi. ii.



THE MORPHOLOrtY OV THE CIIEI EOSTOJFATA. 289

parietal muscles orig'inate tyjiieally from the hasal end of the

lateral walls. TIio ojiercnliim resembles that of F. pisci-

f or mis.

I have observed the occurrence of typical parietal muscles

in five other species of F lustra.

Membranipora. —The operculum and the parietal muscles

in M. membranacea, and other forms which have been

examined are essentially Fhistriiie in their arrangement.

They have been described by Nitsche (1871^ p. 42(3) and

others.

Farciminaria hexagona, Busk.^ —The whole of the

very long frontal surface is membranous. The operculum

is like that of Fl u stra pise if or mis, with no basal sclerite,

and witli a marginal vertical flange prolonged into two

lateral points, into which the occlusor mnscles are inserted.

The orifice is markedly bilabiate, the operculum with the vesti-

bule opening precisely like a clasp-pnrse, of which the mai--

ginal flange of the operculum forms the snpporting rim of

one half, while the distal edge of the zooccium supports the

other half. There are about six groups of parietal mnscles

on each side, the distal gronp probably acting as in Flu stra

pisciformis.

The next few species are ordinarily placed with the

Cellularina, but their affinities appear to me to be with the

Flustrina.

Diraetopia spicata, Busk '^ (fig. 5). —This is an instance

of a dendritic form, in which the lateral zooecial walls constitute

the greater part of the exposed surface of the funnel-shaped

zooccium. The frontal membrane is small, and is situated at

the broad end of the funnel, the edge of which is surrounded

by seven or eight hollow calcareous spines. These originate

from a massive calcareous ring which is notched externally at

the base of each spine to permit the cellular tissue of the

spine to communicate with that of the general body-cavity.

• Busk (ISSl), p. 51.

2 Busk (1S52), p. 35; MacGilliviay, ' Prodr. Zool. Vict.,' Dec. v, ISSO,

p. 33.
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The luinon of the spine has a characteristic globular dilatation

at the point where it crosses the calcareous ring. The

calcareous wall of this dilatation is completed externally by

the outer wall of the zooecium. The bases of the spines are

connected with one another by a thin calcareous web, while

]iart of the frontnl membrane may project just beyond the web,

internal to the bases of the spines.

The zooecia are arranged back to back in pairs, new
zocecia {z.') originating from the axial side of their distal end.

The orifice is close to this region, on the axial side of the

frontal wall (fig. 5). The occlusor muscles (occl.) originate

from the lateral walls. In correlation with the reduction of

the length of the frontal membrane, there is but a single pair

of parietal muscles {ji. m.).

Bicellaria grandis, Busk, var. producta, MacGilli-

vray^ (fig. 1). —This is another example of an infundibuli-

form zoncciura. The frontal membrane is obliquely placed,

and is of restricted extent. The orifice is at the extreme

outer end of the membrane, and the zooocium is prolonged

beyond it into a lobe which bears three or four very long

spines. On the axial side of the zocBcium is a calcareous

thickening^ which surrounds the communication-pores (cj).).

The zooecia have the alternate arrangement characteristic

of the genus, and in most cases the calcareous thicken-

ing includes two sharply marked rings, one for the alternate

zooecium of the other side of the branch, and the other for

the next zooecium on the distal side. In fig. 1, however,

there are three calcareous rings, the zoocciuui being the one

which precedes a bifurcation, and having consequently to

give rise to two distal zooecia. A peculiarity of this species,

which I have not found in other species of Bicellaria, is

that the proximal part of the " aperture " becomes filled in

with a thin calcareous film (cryjjt.) which ends in a hook-like

point. I am unable to state with certainty what is the

function of this lujok, but I think that its distal edge forms

' ' J'mdr. Zool. Vicl.,' Dec. vi, 1881, p. 38.

- (^f. (joklslcin, ' Traus. Proc. Roy. Soc. Vict../ xviii, p. 48.
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a g'uide over which the tewtnclo sheath works in the move-

ments of protrusion and retraction. I have not definitely

settled whether the calcareous film is a superficial calcifica-

tion or an internal cr^q^tocyst, but the existence of a delicate^

free, vertical edge all round the " aperture " probably in-

dicates that there is living tissue adjaceiit to it (which I

believe that I have been able to make out), and that the film

is of the nature of a cryptocyst.

The operculum is like that of Flustra, and there is a

single pair of parietal muscles, as in Dime to pi a.

Bugula neritina,^ L. 'J^he aperture is elongated, and

occupies the greater part of the length of the zooecium. The

parietal muscles ai-e arranged in a series of Flustra-like

groups, which lie very close to the lateral walls of the

zooecium.

(b) Cribrilinidfe.

It has long been known that the characteristic frontal

wall of certain Cribrilinidaj develops as a series of marginal

spines, originating from the jjeriphery of the aperture and

converging towards one another until they meet, and so

form a calcareous roof in which the intervals between the

bars remain either as simple slits or as a series of pores. An
excellent account of this process is given, for instance, by

Hincks (1880, p. 190).

It is easy to see, by an examination of dry specimens of

various Cribrilinidas (e. g. C. annulata) that the opei-culum

is not continuous with the calcareous frontal wall, but with

the underlying frontal membrane. This may be observed

either in immature zooecia or in those from which the wall

formed by the union of the bars has been broken away.

Goldstein (1880, p. 48) has made the interesting observation

that in C. monoceros(?) a Rotifer swam into the space

between the bars and the frontal membrane. Although this

is not expressly stated, it presumably entered at the distal

' Busk (1852), p. U.
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end ol; tlie series, between the bars and tlie base of the

operculum.

The growth of these bars can easily be studied in the

common Membraniporel la nitida,^ Johust. The young

zooociam is completely Membranipora-like, even in the

character of its opercnlnm. The bars are hollow calcareous

spines, which originate as a series of creniilations from the

edge of the vertical wall of the zoopcium, each of the future

bars being indicated by a round bay of the edge. By the

closure of this bay the commencement of a tube is formed,

which arches over the frontal membrane in such a way as to

leave a considerable space between itself and the membrane.

The slits between the bars are probably permanently open.

Another point which is worth notice is that the calcareous

bars are part of a series of which the distal ones persist

as the oral spines. In Crihrilina annnlnta the bars

originate in the same wny, but the intervals l)etween suc-

cessive bars persist as a series of pores which probably

remain open.

C r i b r i 1 i n a p h i 1 o me 1 a, Busk."

Dry specimens show at once that the operculum is con-

tinuous with the original frontal membrane, •'' which becomes

covered over in the same way as that above indicated

(fig. 44). The fully developed zooecium (fig. 8) is covered in

front by a series of alternate hollow bars, the lumen of each

of which is for the most part narrow, but dilates into a

rounded end near the middle line of the zooecium. The

rounded end lies more superficially than the rest of the

cavity. The outer wall of each bar is considerably thicker

than the inner wall.

Tlie operculum is Flustra-like, with no basal sclerite, but

1 Hincks (ISSO), p. 199.

2 1S81., p. U2.
•' 'J'liis is sliowu ill a (liaijranimatic lonj^itiulinal section of a Cribriliiia

tigured by Caiiu (19U(J, |). 'Ill, fig. 53, ill), wlierc the roof formed I)y tlic

united calcareous bars or "costules," is seen to be entirely independent of I he

opercuhiiii.
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it is of firmer texture tliau in tlie preceding forms. It has

the usual lateral projections of the vertical flange for the

insertion of the occlusor muscles. Condyles are barely in-

dicated, but they can just be made out as two slight knobs
distal to the proximal broadest part of the operculum.

A Fhistrine series of groups of parietal muscles^ occurs

(fig. 0), among which a stronger group {'p. in.') on each side,

immediately proximal to the operculum, probably acts as a

divaricator, as in Flustra.

A few of the zooecia are modified as vicarious avicuhiria.

The zooccium is normal, but tlie operculum is longer than

usual, and the occlusor muscles originate from as much as

the distal two thirds of the basal wall. These zooecia are

provided with typical parietal muscles. Polypides are

absent in most parts of the preparation, but in several cases

the vicarious avicularium possesses a polypide. These
modified zooecia are not provided with ovicells, which occur,

here and there, on the ordinary zooecia.

Cribrilina radiata, Moll (fig. 7).

This species, which differs in important respects from C.

philomela, is considered in the following section (p. 32(3).

(c) Lepralioid Genera.

Under this heading I shall consider not only some of the

genera which are usually referred to the Escharina, but a

certain number of the branching forms at present included

in the Cellularina.

Umbonula verrucosa,- Esper (fig. 11 ; see also the dia-

gram, fig. 12).

The frontal membrane of this haudsome species is perma-

nently Elustrine; but it becomes overarched by a strong

1 Tlie parietal muscles of Mcin biaii i poicl la iiitida arc ll^M^•e(i \>y Siiiitt

(1SG5), pi. vi, ^ll,^ 1; those of C ri briliua fimilarisl)j Jullicii (ISSS), 2,

(ll. X.

-• liiucks (ISSOj, p. ol7.



294 SIDNEY F. HARMER.

calcareous roof, wliicli extends to about tlie middle of the

orifice, where it ends in a prominent shoulder on each side,

rising in the middle line into a massive suboral umbo. This

bears a strong avicularium at its base, immediately over the

entrance to the compensation-sac. The rounded mandible,

when closed, is directed towards the end of the umbo, and

then lies in a vertical plane, transverse to the long axis of

the zooecium. The umbo, which probably belongs to the

avicularium, is supported by a series of radiating buttresses

of the fiontal shield, and between them are deep pits, the

marginal areoke (ar.), closed by a layer of living tissue or

epitheca.

Fig. 11 shows the commencement of the calcification of the

frontal shield. The lateral partition-walls consist of a thin

chitiuous lamelhi, with a layer of calcareous matter on each

side, belonging respectively to the two zooscia separated by

the wall. At a level a little lower than the free edge, the

lateral and proximal partition-walls give off a calcareous film,

which in the young specimen figured reaches no further than

the edge of the frontal membrane. This film is pierced by a

series of round holes (jJ.), one of which corresponds to each

interval or areola {ar.) between two of the futuie buttresses.

These holes establish a continuity between the living tissue

of the botly-cavity and that which occurs on the outside of

the frontal shield. Beyond the origin of the frontal shield

the vertical wall splits into two uiembranous lamellie, one of

which passes over each of the contiguous zooccia to form its

epitheca, and becomes continuous with the free edge of the

frontal shield (fig. 12). The frontal membrane (/. in.) becomes

covered by a continuation of this process —in other words, by

the formation of a cresceutic fold, of which the deeper

lamella is calcareous, and the su])erficial layer is composed of

a liviug membrane. In the incompletely calcified zuix-cium

the edge of the crescentic fold is alwtiys membranous. I'rom

the deep lamella rise the radiating ridges which foini the

buttresses.

The polypide is still young in fig. 11. With the distiil end •
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of its tentacle sheath are connected the two " opercular

glands/'^ while somewhat more proximally are inserted the

conspicuous paiieto-vaginal bands {p. r. ?m.). The operculum

is of delicate Flustrine structure^ and has no special divari-

cators. Of the strong occlusor muscles (occL), that of the

(apparent) left side is seen to originate from the distal vertical

wall, and that of the right side from the lateral wall. A
series of groups of parietal muscles (p. vi.) originate from the

lateral and proximal walls, and are inserted into the frontal

membrane.

There can, I think, be little doubt that the space below the

calcareous roof is the homologue of the similar space in

Cribrilina. The main difference between the two spaces is

that that of Cribrilina is covered by a series of originally

separate bars, while in Umbonula it is from the first a

continuous crescentic film. The marginal pores." which are

the only ones that occur in the film, have, however, precisely

the same relations as the communications between the cavities

of the hollow Cribrilina spines and the general body-cavity.

I regard the covering of the couipensation-sac in Umbonula
(fig. 50) as having been derived from a Cribrilina-like con-

dition (fig. 44) by the lateral fusion of the spines with one

another, the edges of the spines being indicated by the

buttresses, and their cavities by the marginal areola? and by

the pores leading from those spaces to the general body-

cavity. This involves the necessity of assuming that the

outer calcareous layer of the Cribrilina spines is now I'epre-

sented by an uncalcified membrane, the epitheca. The very

common occurrence of marginal areolas iu Escharine forms

may be appreciated by turning over the plates of almost any

paper dealing with a collection of recent or fossil forms.

' Cr. Waters (1892), ]). 272 ("gland-like bodies"), and Calvet (1900),

p. 200.

2 The relations of these pores a'e well siiown in a figure given by Neviani

(' Boll. Soc. Geol. lul.,' xv, 1S9G, p. 21).



296 SIDNEY y. IfAiJMHR.

U 111 b nail la pavonolla, Alder ( = Muc roiiulla

pa voiiella^ aiictt.^).

The structure of tlie adult zooecium (fig. 10) c1osl% rc-

seniblcs that of U. verrucosa, and I venture to place the

two species iu the same genus. There is no umbo nor median

avicularium, but the frontal shi(^ld ends in a rounded median

lobe which is not raised above the level of the rest of the

shield. Each of its latei-al shoulders (/. 67i. (?.) bears a con-

spicuous avicularium {avic). Its free surface rises into a

series of radial buttresses, and the areolas {ar.) between these

communicate with the general body-cavity by pores arranged

as in U. verrucosa. My preparations show with great

distinctness that cords of living tissue {,r) traverse these

pores, and unite to form a continuous sheet of living substance

(indicated by the brilliantly staiiied nuclei) which overspreads

the entire frontal shield even in old zooocia. The basal wall

is not provided e;cternally with a living membrane.

It is well known that the front surface of Cheilostome

zooccia may alter greatly with age. The original pattern

may become lost, the thickness of the wall may increase very

greatly, and the orifices of the zooccia may finally be

completely covei-ed by secondary calcification. All these

changes can be understood when it is realised that the frontal

shield of an Escharine Cheilostome is covered by living

tissue. Milne-Edwards (1830, p. 27), in discussing the

alterations which take place with ago in l^^scharine forms,

came to the conclusion that the calcareous matter Avas a

living tissue which grows like a bone. (Joldstein (1880,

p. 48) has stated that in Mucronella ellerii the brilliant

scarlet colour " seems to bo located in a fleshy ej)idermis,

with which the stony polyzoary is coated." This is the

"epitheca" of many authors, commonly seen in dry prepara-

tions as a membiane overspreading the calcareous frontal

shield, and consisting, iu reality, of an external cuticle and

subjacent living tissue.

' Uincks (ISSO^ |> o7C..
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The existence of the epitlieca is responsible not only for

tlie ordinary form of secondary calcification^ but it explaius

the condition so commonly found in CeHep or a, Avhere new

zocccia originate on the free surfaces of the old ones. This

appears to be the result of the separation of the epitheca from

the calcareous wall, the subjacent space (which is morpho-

logically part of the body-cavity) increasing in size and

formiug the body-cavity of a new zocecium.

Lepralia pallasiana,^ Moll (PI. 17, fig. 41).

The frontal Avail of the young zooscium is at first

Membranipora-like. Calcification begins at the proximal

end by the formation of a thin calcareous film, which is per-

forated by large, uniformly spaced pores. This film is

formed in situ beneath a delicate epithecal membrane. The

process proceeds with considerable rapidity until the whole

of the frontal wall is calcified, with the exception of the

operculum, between which and the distal end of the zooccium

occurs a portion of the frontal wall, with a single row of large

pores. In the earlier part of this process the polypide bud

is small, and is at the proximal end of the zocecium, being

connected with the membranous frontal wall by a cord of

cells. This becomes holloAved out to form the tentacle sheath

(fig. 41), at the distal end of which appear two thickenings,

the opercular glands [op.gl.). When the calcification is com-

pleted, the compensation-sac (fig. 41, c. s.) begins to be obvious

as a well-marked cavity, extending from the base of the

operculum beneath the calcareous frontal wall, and at first

nnich shorter than the operculum. Into the floor of the sac

are inserted the parietal muscles {p. in.), which, in the im-

mature zooccium, radiate even fi-om distant parts of the

lateral walls of the zocecium.

The sac rapidly grows to such an extent that it underlies

the whole of the frontal wall, the parietal muscles thereby

acquiring an arrangement similar to those of Cribrilina.

1 lliiicks (.ISSO), p. 2'J?.
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Thu process is ideutictil with that which has been describud

above in P]utliy roides episcopal is. The fact that the

wall of the compeusatiou-sac becomes tightly pressed against

the lateral wall of the zooecium makes it difficult to see its

outline in the old zooccia; and the same applies to many
other Cheilostomata. But in a decalcified preparation the

characteristic parietal muscles can be seen, even in old

zooccia, with the utmost distinctness.

The operculum articulates with two small condyles which

are situated just on the distal side of its j)roximal broader

part. The appearance of two linear longitudinal submarginal

sclerites (fig. 41) is due to the special development of the

vertical flange into two lateral ridges, the distal connecting

part of the flange being less developed. The occlusor

muscles (ocel.) are inserted into these lateral ridges, and they

originate low down from the vertical walls of the zooecium,

either from the lateral walls or from the distal wall. The

divaricator muscle is the distal group of parietal muscles on

each side. I am not certain whether the insertion of these

is directly into the base of the operculum or into the floor of

the compensation-sac close to the operculum.

The small, non- porous, suboral region of this species may
be taken to indicate the former presence of a suboral avicu-

larium^ (as in Umbonula verrucosa). This view is con-

firmed by tiie fact that a fe^v of the zooccia actually possess

a small avicularium with a, semicircular miindible, which,

when closed, lies horizontally, and points away from the

operculum.

L. pal I as i ana is one of the forms which has been specially

studied by Calvet (1900), many of whose statements I can

confirm, although he has not observed the compensation-sac.

In the younger zooecium shown in his pi. xiii, fig. 20 (L.

foliacea), it appears to me that he indicates the develop-

ment of the compensation-sac as an ectodermic invagination

at the pro.xinial end of the operculum. In his {)1. vi, fig. 1,

' Walcib (l!SSi>, |). Kid) calls allcnliuii to llic coiniiioii occurrence ol I lie

suljorul avicularium in Clieilostomes.
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wliicli in other respects gives ii good idea of the genera

structure of tlie zooeciuiu, I think lie has put the insertion of

the occlusor muscles too near the proximal end of the oper-

culum.

Lepralia dorsiporosa, Busk ^ (fig. 45).

In one respect this species appears to me to sliow more

primitive chai'acters than L. pallasiana. The distal pro-

longations (/. sh. d.) of the frontal shield do not completely

surround the orifice, the point where they meet being

commonly indicated by a slight emai-gination on the distal

side of the zooecium. Each distal prolongation typically

bears an avicularium (civic).

'J'lie compensation-sac is seen with great distinctness in a

decalcified preparation. It underlies the whole of the frontal

wall on the proximal side of the operculum, and it is provided

with typical parietal muscles. Tlie distal group on each side

is specially strong, and it appears to me that the part of the

compensation-sac immediately adjacent to the base of tlie

operculum, into which these muscles are inserted, is some-

what fascia-like, an arrangement which confirms the view

that the muscles function as divaricators. The condyles

{cond.) are well-developed recurved hooks.

Lepralia sincera, Smitt."

In this species, for specimens of which I am indebted to

Dr. Levinsen, the compensation-sac and its muscles resemble

those of the preceding species. The distal shoulders of the

frontal shield extend no further than about the middle of the

operculum. One of these shoulders is occasionally provided

with an avicularium.

Lepralia haddoni, n. sp. (figs. 38, 39).

Zoarium encrusting or bilaminate (Lscharine). Zooecia in

regular longitudinal rows, each about 700 —900 ^t long and

about 370 /t broad. Surface covered by a distinct epitheca,

' 1884, p. 143.

3 «01v. k. Vet.-Ak. Forli.,' xxiv (.Biliai.g, 18G7), ISOS, |)|». 28, 177.
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Proximal piiii of the frontal sliiekl with munerous large

pores, which do not extend to the distal end of the zooecium.

The oral end of the zooecium may be somewhat raised above

the general surface of the flat frontal sliield. A rounded

suboral lobe occurs, and may have almost the appearance of

a nmcro. Ordinary orifices and opercula somewhat longer

than broad, witli a concave proximal margin, 210—250 /x

broad; fertile zooccia with trifoliate orifice and operculum,

320 —34-0 ft broad. External ovicells only represented by the

somewhat hood-like calcareous wall at the distal end of the

zooecium. An avicularium, with long linear mandible,

commonly occurs on one side of the orifice. Basal surface

smooth, its intersection with the four vertical walls forming a

regular oblong. Pore-chambers absent.

Torres Straits, A. C. Haddon collection, 1888-0.

This species somewhat resembles L. f eegeensis. Busk, but

differs from it in the absence of external ovicells. It is of

interest in throwing light ou the meaning of the occurrence

of dimorphic o])ercula. The outline of the ordinary opei"-

culum (fig. 38) is not unlike that of the A-opercula in

Euthyris obtecta. The B-opercula are much w'ider, and

are trifoliate. In either kind of zooecium there may be au

avicularium on one side of the orifice, its acute mandible

sloping, when closed, towards the distal end of the zooecium.

The compensation-sac is present in both kinds of zooecia,

and has typical parietal muscles. In some zooecia it contains

long wavy filaments, which may be parasitic Alga3 or Fungi.

In the zooccia with trifolate operculum an ovary (fig. 39) is

developed at the basal end of one of the lateral walls. A
spherical ovisac, with delicate walls, makes its appearance at

the distal end of the zooecium, ou the basal side of the oj)er-

culum and tentacle sheath. Into this sac are inserted

muscle-fibres, which radiate to it from the adjacent parts of

the basal and lateral walls. In one zooecium an vij;y^ has

maturcnl and has become filled wilh yolk, its diameter nearly

eipialling that of the zoeeciuni. This eg^ has passed into the
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interior of the spherical ovisac, wliile the ovary still remains

in its original position.

My preparations do not enable me to trace the origin of

the egg-containing sac, which may, however, be a diverticulum

of the vestibule, as described l^y Cnlvet (1000, fig. 42, on

p. 2GG) in Lepralia pallasiana.

The conclusion pointed to by these facts is that the dimor-

phism of tlie opercula indicates the derivation of the species

from forms provided with ovicells ; in which, as is well

known, the operculum of the fertile zooecium is commonly
larger than that of the other zocccia.

F 1 u s t r a c r i b r i f o r mi s, Bnsk.^

This species is introduced at this point in further illustra-

tion of the morphology of the ovicell. Its frontal wall is, of

course, typically Flustrine. The ovicell is of the type usually

described as "internal,"- and is merely represented by a

more or less hemispherical bulging of the distal zooccial wall

into the next zooccinm. Into this space projects a spherical

vesicle, which lies just beneath the vestibule, as in the fore-

going species. The polypides are retracted to the extreme

proximal end of the zooecium. In some cases I have been

able to detect a very small ovary in one of the proximal

corners of the zooecium, near the basal wall; but in conse-

quence of the position of the polypides I cannot say whether

the ovary is parietal or attached to the polypide. The egg

enters the spherical sac, in some manner which has not been

observed, while it is still very small. It receives its yolk while

in the sac, and when it is full grown it is so large that with its

investing sac it occupies as much as half of the bodj'-cavity.

Sell izop ore 11a linearis,^ Hass. (figs. 48, 52).

The characteristic " sinus " or projecting proximal tongue

of the operculum of this genus is very similar to the part of

the operculum which in certain species of Lepralia occurs

1 1852, p. 51 ; ISSt, p. 58.

2 Cf. Levinsen (1891), p. 275.

3 Hmcks (1880), p. 2i7.
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on tlic proximal side of tlio condyles. It appears to me that

the function of the tongue is partly to close the aperture of

the compensation-saCj and partly to give suitable leverage

for the action of the divaricator muscles.

S. linearis is characterised by the possession of a pair of

sul)oral avicularia, with pointed mandibles. Hincks (1880,

p. 251) has described in this species a form of " ooecium/'

associated with a rudimentary zooecium. My preparations

show clearly that these supposed ovicells (fig. 48, nvic.) are

in reiilit}^ gigantic suboral aviculariii/ of the tj'pe well known

in Retepora monilifera, var. munita, Hincks." The

greatly swollen region distal to the mandible is occupied l)y

the enormous occlusor muscles, which differ only in size from

those of the ordinary avicularia, their relation to wliich is

further shown by the fact that a single gigantic avicularium

may lie obliquely across the zocecium instead of longitudinally

as in fig. 48. The compensation-sac (fig. 52,c.s.) of the

zoQScia is small, and even in zocecia with fully matui-e pol}'-

]ndes is commonly no larger than in the specimen figured.

The sinus of the operculum (fig. 52) fits into a correspond-

ing emargination in the frontal shield. At a deeper level

are seen the two condyles (cond.) which constitute the hinge.

The frontal wall is of considerable thickness, and its distal

margin, in the neighbourhood of the sinus, is bevelled off in

precisely the way noticed in Euthyris clathrata (fig. 26).

This results in the formation of a groove, the outer end of

which is closed by the sinus of the operculnm, while the inner

end (fig. 52, x) is distinctly larger. When the operculum is

open, its plane must be a])proximately parallel to the part of the

bevelled surface which lies in the middle line. A short tube

is thereby formed by which water can enter or leave the

compensation- sac.

The compensation-sac develops as in Lejir.-ilia palla-

siana. The calcification takes place beneath tlio epitheca,

> Waters (1S85, p. 0, and 1892, p. 271) lias previously slated that lliis is

the case.

2 'Ann. Mag. Nat. Hist.' (5), i, 187S, p. Sfil.
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since a layer of nuclei can be seen superficial to it. The
parietal muscles are very delicate. The occlnsor muscles

originate from the distal wall, but I have not certainly seen

divaricator muscles.

Schizoporella s an guinea,, Norman (fig. 46).

This is the form described by Waters/ in his paper on the

Polyzoa of Naples, as Lepralia pertusa, var. sinnata.

The operculum is rather stronger than in S. linearis, and
it has a well-marked marginal sclerite which is distinctly'

thickeued at the points where if articulates with the condyles.

The compensation-sac (fig. 46, c. s.) is beautifullj^ shown in

specimens from which the basal wall has been removed.

The parietal mnscles radiate into its lateral walls, and the

external parts of its basal wall, from the lateral and proximal

walls of the zooecium. The distal parietal muscles {p.m.'),

which stretch transversely across the zooecium, probablv act

as divaricators.

Dry specimens show the epitheca, stretched over the tuber-

cles of the reticulately thickened frontal shield.

Schizoporella australis, Haswell.~

This species is characterised by having an elongated avicu-

larium on the proximal side of the orifice, with an acute

mandible directed obliqnely towards the proximal end of the

zooecium when closed. The condyles are strong, and have

denticulated edges (fig. 47). The continuity of the fioor

of the compensation-sac with the sinus of the operculum is

clearly seen in the preparations. The sac resembles that of

S. linearis.

Urceolipora nana,^ MacGilL, 1881.

The operculum is Schizoporel la-like. At its proximal

border opens a large compensation-sac which extends nearly

' ' Ami. Ma-. Nat. Ili^t.' (5), iii, 1879, p. 31, pi. viii, fig. 5.

2 ' Proc. Linn. Soc. N. ?. Wales,' v, ISSl, p. 11.

3 MacGillivray, • Prodr. Zool. Vict.,' Dec. xi, 1885, p. 19; Busk (I88J.),

p. 82 (as Caly nimopliora lucid a).
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to the proximal end of the zocBciani, a great part of the cavity

of whicli it occnjiies. The two calcareous spines at the sides

of the orifice have the effect of keeping the conspicuous

epitheca, which invests all parts of the zoarinm, stretched out

at some distance from the wall of the flask-shaped zooecinm.

The curved lines shown by Busk (1884, pi. xxxii, fig. 3 h) on

the sides of the zooecia indicate the edges of the thicker

lateral cnlcifiod walls, and are probahl}^ the actual junction of

the lateral and frontal walls. Their level corresponds nearly

with that of the floor of the compensation-sac, which has

parietal muscles. The sac originates with great distinctness

as an invagination from the proximal border of the opereulnm.

Smittia trispinosa, Johnst., var. arborea. Lev.' (fig. 42).

The specimens here referred to wore sent to me, determined

as above, by the Upsala Musenm. Fig. 42 shows that there

is a large compensation sac {c s.), the opening of which is

overhung by a median lobe of the frontal shield. The

condyles [cond.) are at a much deeper level, and are long,

recurved denticles, which are crossed by the submarginal

lateral sclerites of the operculum. They clearly form the

hinge on which that structure moves. I^ypical parietal

muscles are present. This form can hardly be regarded as

a very typical Smittia.

Smittia reticnlata," J. MacGillivray (fig. 40).

My evidence with regard to this species is not complete.

In specimens from which the basal wall has been removed I

have just been able to detect a large compensation-sac with

walls of great tenuity, into which parietal muscles are in-

serted. The median denticle [m. /.) or "lyrula"^ appears to

belong to the suboral avicularium (as in Rliy nchozoon).

^ "Brjozocr fia KaralLivet," 'Dijiuplina-Togtets Zool. bot. Udbytte,' ISSfi,

p. IG.

2 nincks(18S0), p. iMO.

3 Cf. Waters, 'Ann. Mnj:. Nat. Ili&f.' (0). iv, p. It.
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The principal interest of this species, in the present connexion,

is as an illustration of the group of Cheilostomes in which

there is but a single series of conspicuous marginal pores or

areolee (ar.).

Catenaria lafoutii,^ And. (fig. 49).

I consider this species in this place on account of its

possession of a typical compensation-sac ; but I shall discuss

its affinities later. The zooecia are very long, curved_, narrow

proximally, and dilating distally. From the back of the

distal end usually originate a pair of new zooecia (z.'), each

starting in a calcareous base containing a body-cavity, into

which is fitted a chitinous joint [j.), which forms the connexion

with the younger zooecium. The oral extremity of the

zooecium is surrounded by a circlet of short, hollow spines

{sp.). The ovicell (or.) is placed obliquely on the distal

side of the orifice, and an extremely strong suboral avicu-

larium {avic.) guards the entrance to the compensation-sac.

There is some evidence that the base of the avicularium

has been derived from a single pair of suboral frontal

spines. The porous region of the zooecial wall in the main

cor)'esponds with the limits of the compensation-sac {cs.), but

a few pores occur outside that region, even on the basal

surface.

The compensation-sac is extremely distinct, and is indicated

in a figure by Calvet (1900, pi. viii, fig. 9), who does not,

however, make any reference to the structure. It is provided

with several groups of parietal muscles (j;. vi.). The oper-

culum is placed obliquely, and its base is distinctly continuous

with the floor of the compensation-sac, the orifice of which is

rather large. Each occlnsor muscle (occl.) originates from

the partition wall between the body-cavity of the zooecium and

the base of the dausfhter-zooecium of its own side. 1 have

not distinguished any divaricator muscles.

1 Bubk (1852), p. U.

VOL. 46, PART 2. NEWSEKIES. U
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Vittaticella coruuta,^ Busk (fig. 56).

Maplestone" has recently suggested the generic name
Vittaticella for the " vittate " species of Catenicella^ the

subdivision of which appears to me desirable.

- Fig. 56 shows that Vittaticella is provided with a well-

developed compensation-sac (c. s.). The younger zooecium

further illustrates the fact that the development of this

structure is typically Lepralioid. The sac is figured by

Jullieu (1888^ 3, pi, xi), in two species of Catenicella^ iu

both the young and the adult condition. A wide crescentic

opening into the sac is seen in the younger zooecium (hg. 56)

between the base-line of the operculum and the proximal

border of the orifice. Amongst the parietal muscles which

radiate from the wall of the sac can already be distinguished

a distal group {j). 'in.'), the future divaricator muscles. In the

next zooecium the compensation-sac is so large as to underlie

nearly the whole of the frontal surface.

Each vitta [v.] is a tubular cavity, running longitudinally

along the edge of the zooscium, and bounded externally by a

delicate uncalcified membrane. The cavity communicates by

a single series of funnel-shaped tubes with the body-cavity.^

In the young zooccia the whole of this arrangement is tilled

with a brilliantly staining cellular material ; but the structure

is identical in the older zooocia, in which remains of cells

may still be made out.

1 refer to the morphology of the vittio below when dealing

with Catenicella hastata. Their function is_, perhaps, to

assist in the deposition of the calcareous wall. Tlie

zooecium in this species is strengthened by a great thicken-

ing of its edge, which is more pronounced iu the i-egiou

of the vitta than elsewhere. The vitta extends along the

whole length of the lateral thickening, and in the more

elongated zooccia it may have as many as ten pores.

' Busk (fS52j, p. 11.

= 'Proc. Koy. Soc. VicL.' (N. S.), xiii, I'JOl, p. 201.

' Cf. Waters (1881), p. 318.
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The characteristic horns of this species are probably to be

regarded as modified avicularian zooecia. In certain zooecia

one of the horns is replaced by a large normal avicularium.

Catenicella alata, Wyv. Thomson^ (fig*. 53).

The zooecial structnre of Catenicella has been described

by Busk (1852, p. 4), and by Waters (1883, p. 428). The

zooecium develops on each side three sti-uctures, which to-

gether form the great wings so characteristic of this species.

Taking a case which is not complicated by the presence of

the twin zooecium (cf. fig. 56) which occurs just before a

bifurcation of the branch,^ the zooecium is found to be some-

what spindle-shaped, each end passing into a tubular sheath

which surrounds the chitinous joint by which it is connected

with its neighbours. The basal surface of the zooecium is

extremely gibbous, and projects in this direction far beyond

the wings. The frontal surface is nearly flat. The large

orifice has, on its proximal side, a scutiform calcareous region

bearing five fenestrge closed by membrane. The zooecium is

considerably wider than this scutiform plate, its convex,

lateral surfaces being overlapped by parts of the wings.

Each wing consists of three parts : (1) a large proximal

cavity (infra-aviculariau -f- pedal compartments of Waters),

which is almost two thirds of the length of the zooecium, and

is provided on its frontal surface with two large membranous

fenestrfB, one at each end (fig. 53, inf. avic.)
; (2) a transverse

cylindrical cavity, the free outer end of which has a mem-
branous vacuity {avic.)

; (3) a large distal cavity with a single

large fenestra, its distal point being uncalcified {su2). avic).

The second of these cavities is morphologically an avicularian

zooecium, as is proved by comparisiou with other species of

Catenicella.

The five suboral fenestrse perforate the entire thickness of

the calcareous frontal wall. At the level of their internal

1 'Nat. Hist. Review,' v, 1858, " Proc. of Societies," p. 137.

2 Waters terms the solitary zo(j'.ciuin a "!,Mobulus," and the two associated

zooecia a " bii^lobulus."
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openings a sharply marked curved line (.»') indicates the edge

of a calcai'eous phite simihir to tliat described below in C.

plagiostoma. The markings between the fenestree and the

operculum are somewhat variable. In a specimen which

partly dried up during its preparation, fine slits containing

air were noticed, radiating from the fenestras to the orifice.

The compensation-sac of this species is described by

JuUien (1888, 3). It is well developed, but its complete out-

line is not easily seen in the mature zooccium in consequeuce

of the fact that its breadth is greater than that of the exposed

scutiform frontal wall.

Catenicella plagiostoma, Busk, var, setigera,

MacGillivray^ (fig. 54).

This species is remarkable for the obliquity of its orifice,

and for the enormous development of its avicularia, which

may have very different forms, even on opposite sides of the

same zooecium (fig. 54). The infra-avicularian compartment

{inf. civic.) is almost entirely closed by membrane, the single

fenestra so formed extending mainly over the side and basal

surface of the zooccium. The supra.-avicularian compartment

{sup. avic.) similarly has membranous walls, a very large

fenestra being common to it and the avicularian zooecium.

The structui'e of the frontal wall is more easily made out

than in C. alata. The outer calcareous layer is reduced to a

system of conspicuous bars which unite with a calcareous

framework surrounding the operculum. The internal

calcareous layer is an obliquely oval plate" {pi.), which projects

towards the proximal end of the zotjccium. This forms part

of the roof of the compensation-sac, from which muscles {'p. in.)

can be seen radiating out to the adjacent parts of the wall of

the zoa3cium. The distal groups of parietal muscles {jhvi/}

appear to act as divaricators.

In a back view of a zooecium it is seen that the avicularian

zooecium has a very hii-ge oblique fenestra proximal to the

' ' I'rodr. Zool. Vict.,-" Dec. iii, 1879, p. 17.

• Tills structure is described by Waters (1883, p. 429).
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mandible, and another distal to the same structure, and

common to it and the supra-avicularian compartment. From
various parts of the membrane covei-iug the dorsal fenestrtie

rise the spine-like processes to which the variety owes its

name.

Catenicella hastata, Busk' (fig*. 55).

The supra-avicularian compartment {sup. avic.) is calcified

except at its extreme tip, the walls being perforated b}' small

pores. It forms a broad, flattened spiue at the upper lateral

coruer of the zocEcium. Tlie avicularian mandible is minute,

but the avicularium possesses, in addition to its occlusor and

divaricator muscles, a polypide rudiment [pol.), as in various

other Cheilostomes. I have noticed a similar structure in other

species of Catenicella. The infra-avicularian compartment

{inf. avic.) is completely divided into two. The outer wall of

both these cavities is usually completely calcified, but the

proximal one may have a slit-like membranous fenestra,

which is usually lateral. Between the proximal portion,

designated by Waters (1883, p. 428) the "pedal compart-

ment," and the zooecium, was noticed a row of three com-

munication pores (^.p.)- A comparison with Vittaticella

suggests that the vitta3 shown in fig. 56 are the last remnins

of the pedal compartments with their communication pores.

This view has already been maintained by Waters (p. 428),

and, though not quite in the same manner, by Jullien (1888, 8).

I have no suggestion to make with regard to the function of

the lateral "compartments" in Catenicella.

The frontal wall has from seven to nine small fenestrre, from

which tubular cavities pass transversely towards the middle

line. The arrangement is strikingly Cribrilina-like, and

the resemblance is intensified by the existence of irregular

slit-like cavities alternating with the fenestrre, which suggest

an incomplete lateral fusion of frontal bars.

The compensation-sac is usually cleai-. Its floor aj)peai's to

be deeply pigmented, but this may be the result of the

' Busk (1852), p. 7; 1884, p. 10.
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method employed, this preparation beiug the only one which

I have made with Mayer's cochineal tincture. The species

seems, however, to have a special development of pigment,

as indicated by Maplestoue.^ The compensation-sac develops

as in Vittaticella,

Catenicella lorica,- Busk.

The remarkable fertile zocBcia which characterise the

g-enus Catenicella are well seen in this species to be

pi-ovided with a large compensation-sac, with strong parietal

muscles. The three fenestra of the ordinary zooecia appear

to perforate only a single thin calcareous layer, the inner

laj'er being completely absent.

Catenicella wilsoni,^ MacGill.

The great size of the fenestra of the infra-avicularian com-

partment makes it an easy matter to see the outline of the

large compensation-sac of this species, and the arrangement

of its muscles.

(d) Mi crop or ell oid Genera.

Under this heading I consider a few of the forms with a

"median pore/' though I am by no means certain that all

such forms are related to one another.

Calwellia gracilis, Maplestone^ i^g^- 61, 02).

The zooecia are in pairs, back to back, the plane uniting

the middle line of two zooecia being at right angles to the

' ' Trans. Proc. Hoy. Soc. Vict.,' xviii, 1SS2, p. 49.

' Busk (1852), p. 0.

» MacGillivray, ' Piodr. Zool. Vic.,' Dec. ix, 18S4, p. 30.

"* The form wliicli I describe in this paper was (ij^iired by Maplestone, willi-

out description, in a paper entitled " Observations on Living Polyzoa," in

'Trans. Proc. Roy. Soc. Vict.,' xviii, 1SS2, p. 48, fij,'. 9 [the plate has no

number]. It lias not the triauf^ular siiape mentioned by VVyville Tliomson

(1858) in his original account of C. bicornis. It is not the sjiecies described

by !N[acGillivray as C. gracilis in 'Trans. I'roc. Roy. Soc. Vic!.,' xxii,

p. 128 ; see also the same journal (N. S.), ii, p. lOG.
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similar plane of the next pair. The narrow proximal part of

each zooecium extends the v/hole length of the snbjacent pair,

in such a way that each zooecium originates from the next

lower one which looks in the same direction as itself.

The two lateral horns are not calcified at their tips (fig.

62, /). Below the oblique orifice is a triangular region

sloping to the median pore (m. p.), which occupies the most

projecting part of the zooecium. The middle line of this

region is marked by a suture (.v.), on each side of which is an
" oculiform " pore. Besides the comTiiunication pore at each

end, by which it is connected with its neighbours in the same
longitudinal series, each zooecium has a pair of distal com-
munication pores placed on the basal side, by which its soft

tissues are continuous with those of the narrow proximal

half of the next distal ]mir of zooecia, while its own proximal

half is similarly provided with a pair of pores (r.p.j which

lead to the two zooecia of the subjacent pair.

The fully developed compensation-sac (fig. 62, c. s.) occu-

pies a large proportion of the body-cavity. Fig. 61 repre-

sents a compensation-sac which is about half grown, with its

paiietal muscles. The sac does not extend to the semi-

circular operculum, the straight base-line of which appears

to constitute the hinge. It develops in a Lepralioid manner,

a small, apparently solid mass of cells appearing beneath the

newly formed median pore ; and to this mass the parietal

muscles radiate from various parts of the zooecium. Some-

what earlier the uncalcified, oblique, terminal wall of the

zooecium extends as a triangular point as far as the median

pore, so that the sac is probably derived from the proximal

part of the orifice. The suggestion has often been made
(cf. Hincks, 1880, p. 237) that the Microporellid median pore

has been formed by the closure of the sinus of a Schizo-
porella-like ancestor. The above-described immature stage

of C gracilis appears to point in this direction.

The occlusor muscles {occl.) are easily seen, but I have

found no divaricators.
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Calwellia sinclairii,^ Busk (fig-. 60).

Waters (1888, p. 17) has described the compensation-sac

in this species, as well as in C. bicornis and Urceolipora

dentata, and he correctly states that it opens to tlie exterior

b}' moans of the median pore. I agree witli Waters that

C. sinclairii should be placed in the genus Calwellia. It

differs from C. gracilis principally in the fact that the

proximal half of the zooecium is almost as broad as the

distal half, and the zooecia do not therefore appear to

be so definitely arranged in pairs.

The operculum is a segment of a circle somewhat greater

than a semicircle, and having a straight base-line. From the

middle line of this a longitudinal suture (.s.) passes to the

transversely elongated median pore [m..'p.), and on each side

of the suture is a round fenestra. The suture can usually be

traced down the entire length of the zooecium. The position

of the lateral horns of C. gracilis is indicated by a fenestra

(/.), in the neighbourhood of which are one or two smaller

pores. The median pore is somewhat crescentic, with an

anterior concavity. The lateral edge of the large compensa-

tion-sac does not pass to the base of the operculum, but turns

sharply inwards at the level of the median pore, and i-uus

into the broad tongue-like lobe of the wall of the zooecium

which gives the pore its crescentic form.

The operculum has a well-marked triangular lobe of its

vertical marginal flange (/.), into the apex of which the

occlusor muscle is inserted, as in Flustra.

Calwellia dentata,- MacGillivray.

It appears to me that this species should be separated from

U. nann,""^ and placed in Calwellia, the generic character of

which would then liave to be amended so far as relates to the

arrangement of the zooecia. In C. dentata these are placed

' Busk (1884), p. 103.

- ' Prodr. Znol. Vict.,' Dec. xi, 1885, p. 19.

' As suggested by Waters (1888, p. 10).
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back to backj alternately, all the zofficia looking towards one

or the other edge of the branch. The zooecial characters

agree with those of C. sinclairii. There is a large compen-

sation-sac, opening by a median pore, which is transversely

elongated, but the concavity of which is on the proximal

side. Between this and the operculum are two fenestrae,

placed as in 0. sinclairii. In addition to two lateral horns,

similar to those of C. gracilis, there are three other oral

spines placed more distally.

Ichthyaria ocnlata, Busk ^ (fig. 59).

There can be no doubt that this species was incorrectly

placed by Busk in the Bicellariidte, a family with which it

appears to have no affinity. Its more natural position would

probably be in the Calwelliidae,^ with which it agrees in the

characters of its zooecium and of its ovicell. The zocecia are

arranged in a double alternate series, all facing in one

direction. The median pore (?»..p.) is cii-cular, and is situated

on the axial side of the middle of the zooecium. It is con-

nected with the operculum by a longitudinal suture (.<?.),

on each side of which is a funnel-shaped fenestra, as in

Calwellia. In correlation with the asymmetrical position

of the median pore the abaxial fenestra is much further from

the suture than is the other one. There ai'e one or two

distal fenestrae, probably indicating- the former development

of oral spines.

The compensation-sac (c. s.) is arranged as in Calwellia.

It opens by the median pore, and tlierefore ends at some

distance from the opei'culum. The parietal muscles (p.m.)

occur as a series of definite groups, as in Flustra. Calcifi-

cation is deficient along a line extending the whole length

of the basal side of the zooecium. The line is narrow for the

greater part of its course, but dilates at each end. The

older parts of the colony are supported by a calcareous

1 T5usk (1884), p. 4G.

- Waters (ISSS, j). 10) places it in Calwellia, a view wiiicli seems not

uureasonable.
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thickeniug, wliicli runs along each margin of the branch.

The retractor muscles of the polypide originate from the two

lateral walls. On each side there is a strong fan-sliaped

group passing to the base of the tentacles, and another

passing to the junction of the pliarynx with the oesophagus.

Onchoporella bombycina, Bnsk^ (not Ell. and Sol.).

Although I have had only dry material of this species to

work with, I can state that there is a well-developed com-

pensation-sac, opening by the crescentic median pore, the

tongue-like lobe to which the crescentic shape i.s- due being

distal, and seeming to be a triangular membrane which curves

into the distal border of the compensation-sac (as in fig. CO).

The operculum is of very delicate texture. On eitlier side of

the orifice, somewhat proximally, there is a short spine, on

the proximal side of which is a pore, which is either a simple

funnel-shaped deficiency of the calcareous wall, or it consists

of tAvo, or even three, funnel-shaped tubes contained in a

single longitudinal groove. A similar ai-rangement is shown

in fig. 60 (/.). One or two pores of the same kind may
continue the line of this groove down the fi-ontal surface of

the zooecium.

The branches have a calcareous mai-ginal thickening, which

may have a zigzag course; it is composed of numei-ous small

pieces, an arrangement which clearly gives a certain amount

of flexibility to the frond.

Microporella malusii,- vVud. (fig. 03).

The median pore {m. p.) has a distal concavity, due to the

projection into it of a tongue-like })rocess which is partly

membranous. Between this and the straight base-line of the

semicircular operculum is a triangular group of pores, the

' Busk (1S52), )). 52. Tlic species dcscrilied hy Ellis and Solamier (' Nat.

Hist. Zoopli.,' 178C), |). 14), i'lom the Baliania Islands, appears to be a

Eu thy lis.

» llincks (1880), p. 211.
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apex of tlie group pointing to the mediau poi-e. Round the

edge of the zooeciuin is a single line of pores. This arrange-

ment is constant in my Neapolitan specimens. The communi-
cation pores open into '' pore-chambers ''

(29. c), as pointed

out by Levinsen (1891, pp. 250, 285).i

The compensation-sac (c. s.) is thin-walled, its outline being

somewhat heart-sliaped when seen from the basal surface.

The median pore opens into it considerably on the proximal

side of its distal margin, a triangular bay {corn.) of the

body-cavity indenting the membrane of the compensation-sac

in the immediate neighbourhood of the frontal surface. The
parietal muscles {jh m.) are strong, and are arranged in

distinct groups.

The function of the median pore in M. malusii has fre-

quently been discussed, and my results do not agree with

those of any of my predecessors. Jullien (1888, 4, pp.

36, 39) gives the name " fenestrula '^ to the median pore,

which he describes as forming the narrow end of a funnel

C' cornicula"), the other end of which opens into the tentacle

sheath. Jullien figures the cornicula in pi. xv, fig. 2, from

Avhich it appears to me clear that the funnel is the part of the

body-cavity which I have described above (fig. 63, com.) as

indenting the distal outline of the compensation-sac.

Pergens (1889, p. 507) does not believe in the existence of

Jullien's compensation-sac, and describes the diaphragm or

vestibule as opening into the body-cavity and not into the

tentacle sheath.

The commonly received opinion that the vestibule is

traversed by the tentacles during their protrusion is,

however, based on too many observations to be lightly

dismissed.

Pergens further states (p. 506) that the median pore of

M. malusii opens into the body-cavity. The 'Mongitudinal

muscles " mentioned by him were probably parietal muscles,

while I suspect that the appearance of a " sack " between

1 For the pore-chambers of Clieilostomafa see also Waters (1898),

p. 658.
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the operculum and the median pore can be explained in the

same way as Jullicn's "coruicula" mentioned above.

Levinsen (1891, p. 285) states that the median pore, like

the other pores, is closed by a membrane.

Microporella ciliata,^ Pall.

'J'he compensation-sac is like that of M. malusii, wliicli

this species further resembles in the grouped condition of the

parietal muscles. I have not made out the details of the

opening of the sac. There is a membranous portion in the

tongue of the crescentic pore, as in M. malusii.

(e) Microporoid Genera.

Micropora, sp.~ (figs, 57, 58).

The large lateral foramina serve for the transmission of

the tendons of the depressor muscles (fig. 58, depr.) of the

frontal membrane, as correctly stated by Jullien (1888, 4,

pp. 77 —81, pi. xiv, fig. 1), who terms them " opesiules."

The opesiule is a complete calcareous tube (/.?*.), the base of

which joins the basal wall or the lateral wall of the zooecium,

the two conditions often occurring on opposite sides of the

same zooociuui. The tube usually gives off a curved lamella

(fig. 57) on its distal side, near tiie basal surface. From the

recess thus formed originates the occlusor muscle {occL),

whose long tendon passes obliquely to be inserted into one of

the lateral corners of the vertical flange of the operculum.

The depressor muscle [dcpr.) is much stronger. Its iibres

converge to a tendon which passes through the opesiule

and is inserted into the frontal membrane. I regard these

muscles as a special development of the parietal muscles,

which are otherwise unrepresented. The calcareous frontal

wall {crypt.) is complete, and the relations of the depressor

muscles indicate that it is a cryptocyst.

' llincks (1880), p. 200.

- Tones Slruits, A. C. liuddou Coll.
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Steganoporella alveolata^ Harraer.^

I have previously alluded' to the muscular system of this

species. That of the B-zooecia is more highly developed

than in auy other Polyzoou with which I am acquainted.

The B-opercnlum has the form shown in figs. 64, 66. Its

mode of articulation differs in a striking way from that of

the Cheilostomes previously considered. Although its base

is continuous with the unmodified frontal membrane which

stretches across the whole of the proximal half of the

zooecium, a strong basal sclerite {h. s.) is differentiated. Into

the two ends of this are inserted, beneath the frontal mem-
brane, two ligaments {lig.) which, continuing the direction

of the sclerite, become attached to the strong condyles {cond.).

The operculum is thus slung by two tight transverse cords

between the two condyles, and this arrangement constitutes

the hinge. The basal sclerite probably has the further

object of playing over the projecting part of the structure

which I have called the median process (fig. 60, in.. X'V-), and

of preventing the operculum from being pulled too far by

the contraction of the enormous occlusor muscles. Of these

there are two pairs, which originate, with the divaricator

and depressor muscles, deep down within the lateral recesses

at the sides of the median process. The insertion of the

occlusors is shown in fig. 64, One pair [occL], which pro-

bably correspond with the normal Cheilostome occlusors,

pass by strong tendons (tend.) into the occlusor tubercles

[occl. t.) of the 0[)erculum, but the tendon is also continuous

with a fascia (/.), which is connected with the strongly ])ro-

jecting proximal end of one of the main sclerites [m. s.) of

the operculum. The second pair, which I distinguish as the

distal occlusors [occl.'), are inserted into a strong transverse

fascia (/.') which lies between the two main sclerites. In

fig. 64, which represents an operculum torn away from its

zooecium, this fascia has been displaced from its natural

1 1900, p. 287.

2 Loc. cit., p. 230.
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positiou, which is shown iu figs. 65, 66. From these it is

apparent that the modiau part of tlie fascia is exactly trans-

verse and vei'tical when the operculum is closed, and that on

each side it curves round in order to be attached to the

proximal end of the main sclerite. It thus results that while

not much more than the edge of the middle part of the fascia

is seen in a view from the basal or fi-om the opposite side,

the surface of the lateral parts is seen under the same con-

ditions. I have been unable to ascertain with certainty

whether the median part of the fascia is inserted into the

operculum or whether it has a free edge in this region.

The oi'igin of the muscles can best be seen in a basal view

of a zooecium from which the basal wall has been removed in

the way recommended on p. 265. The hiteral recesses {I. r.)

are here seen to be almost entirely filled by four strong

muscles. Of these the distal occlusors [occl.') are far the

strongest, and they originate from the distal half of the floor

of the lateral recesses. The proximal or normal occlusor

[occl.) originates from the proximal half of the lateral recess,

in its outer part. The course of its tendons [tend.) is indi-

cated in fi^gs. 64

—

66.

The distal occlusors, in helping to close the " orifice,"

probably tend to pull the whole operculum towards the distal

end of the zooecium, since their fascia is inserted largely into

the projecting proximal ends of the main sclerite (figs. 65,

66). The proximal occlusors correct this tendency, as may

be inferred from the direction taken by their principal

tendons. When it is remembered that in this species each

of the strong teeth of the operculum fits, when closed, into

its own socket in the calcai'cous part of the zooecium, it is

obvious that the operculum must shut with great accuracy,

and a proper correlation between the contractions of the two

sets of occlusors no doubt has to be maintained. Tiie

accuracy of the closure is probably helped by the movement

of the basal sclerite over the median process, and, of course,

by the transverse ligaments uniting the operculum to the
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condyles, as well us by the tension of the frontal membrane ^

continuous with the base of the operculum.

Although the distal occliisors are larger than the proximal

pair, their tendency to shift the operculum from its proper

position is probably adequately corrected by the proximal

occlusors, which, although weaker than the others, have a

more effective pull, in consequence of the greater obliquity

of their tendon.

It appears to me that in certain positions assumed by the

operculum^ the distal occlusors would work to less advantage

than the others. When the operculum is opened so far that

its outer surface forms a rig'ht angle with the frontal mem-
brane, the projecting ends of the main sclerites extend far to

the distal side of the hinge. The operculum seen from its

edge would have the ap[)earauce of a right-angled triangle,

of which the hypotheuuse is formed by the main sclerite, and

a short side by the piece connecting the proximal end of the

same sclerite with the base of the operculum. Both pairs of

occlusors now probably pull, by means of their fascise inserted

into the projecting ends of the main sclerite, on the short side

of the triangle which is, in fact, an arm of a right-angled

lever hinged at its angle. In so acting, the proximal occhisor

probably pulls over the ligament {lig.) which connects the

operculum with the condyle, the ligament thus forming a

kind of pulley. The distal occlusors are probably specially

important in the final stages of the closure.

Two muscles remain to be described. The depressor

muscles (hgs. (35, (jH, depr.) originate from the innermost part

of the lateral recess. Their tendon passes obliquely towards

the proximal end of the zooecium, ascending at the same time

to reach the frontal membrane, into which it is inserted (fig.

^'6). Between the depressor and the proximal occlusor is a

group of muscles which constitute the divaricator [div.).

' lu my I'oniier paper 1 described lliis as the epiUieca, a more general term

which il would be belter not to use ia eases where the homology of the mem-

braue with the frontal membrane of a Menibranipora seems to be demon-

strated.
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At its origin this muscle is often difficult to distinguisli

from tlie depressor, but its tendon takes a different direction

and is inserted into one of the ends of the basal sclerite of

the operculum, or perhaps into the frontal membrane imme-

diately adjacent to the basal sclerite.

I regard the divaricator and depressor muscles as a special

differentiation of the parietal muscles of other Clieilostomes,

and they are probably together the representatives of the

depressor muscles of Micropora (Kgs. 57,58), which occupy

special cavities that may be compared with the lateral

recesses of Steganoporella.'

In the A-zooccia the distal occlusors seem to be completely

absent. The zocecium is more like that of an ordinary

Clieilostome, with a single pair of occlusor muscles.

In view of the possibility that the B-zoa3cia of Stegano-
porella may represent avicularia,^ it is worth mentioning that

in the gigantic avicularia of Flustra abyssicola (Davis

Sti-aits) I have noticed that the occlusors are in two groups.

Of these the distal group consists of an enormous mass of

muscle which fills up more than the distal half of the

avicularian zooecium, and its hbres are inserted into a broad

median tendon. The proximal occlusors are paired ; their

tendons are at a deeper level than that of the distal occlusor,

and they converge towards the base of the operculum.

Jullien (1888, 4, pi. xii, fig. 3) indicates the occurrence of two

sets of occlusors in the avicularium of Beauia magel-

1 a n i c a.

V. The Pkimary Zocecium or Ancestkula.

The zooccium which results from the metamorphosis of the

larva is frequently found to show characters which dilTer

' This conclusion is coufinncd by llic (igurc given by Waters (1885,

pi. xiv, fig. 42) of the mandible of Oiiycbocella angulosa (? = antiqua),

ill wliicli the formation of the hinge appears to be like that found in Stegano-

porella, while a fascia shown in the same figure closely resembles that of the

distal occlusors of St ega no j) ore 11 a.
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from those of the ordinary individuals of the colony. This,

the primary zooecium, has been termed the " ancestrula " by

Jiillien (1888, 4, pp. 27, 29), a name wliich he appears to

have used merely to convey the idea that it was the actual

ancestor ("zooecie mere") of the other individuals of the

colony. Smitt (1868, 1, p. 306) described the same thing as

the " Tata form " of the Cheilostomes,^ and clearly recognised

their importance, stating that ''Tata is for the Cheilostomes

what Alec to showed itself to be for the Cyclostomes."

I am fully of Smitt's opinion with regard to this matter.

The '^ancestrula" is in all probability ancestral in the sense

of retaining characters of phylogenetic importance. Smitt

returns to the same subject in a later publication (1896), in

which he again maintains the importance of the Tata form.

Neviani (1898, p. 165) supports the same conclusion.

The frequency Avitli which the Tata-like ancestrula (figs.

2, 6, 7) occurs in Cheilostomata is indeed remarkable, and

there is a curiously small range of variation in the number of

its marginal spines. I subjoin a few references to cases

where an ancestrula of this type has been described.
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Cases in which the aucestriila is not Tata-like:

523

Species. Reference. Remarks.

Me 111 b r a n i p r e 1 1 a

melolontlia, Busk
C r i b r i 1 i 11 a a n n ii 1 a t a,

Fabr.

L e p r a 1 i a p a 1 1 a s i a n a,

Moll

L e p r a 1 i a p a 1 1 a s i a ii a,

Moll
Scliizoporella (Hip-

po tlioa) liy al iiia,L.

Scliizoporella (Hip-
pothoa) liy alina, L.

Scliizoporella cris-

tata, Hiiicks

Smit.lia reticulata,
J. MacGill.

Tern a cilia opuleiita,

JuUien

Hinck.s ISSO, p. 203

Hiiicks, ISSO, p. 194.

Hincks, ISSO, p. 29S

Aperture membranous, but

not surrouiideil by spines.

Like tiie ordinary zocecia.

Ijike I he ordinary zooecia.

Barrois, 1S77, p. 145, Like the ordinary zooecia.

pi. vii, fiir. 1
I

Barrois, 1877, p^ 168, Like the ordinary zocecia.

pi. ix, fi^'s. 9—16
Jullien, 1888, 4, p. 29,

pi. iv, figs. 1—4.

Hincks, 1880, p. 254,

pi. xl, fi?. 6 a
Hincks, 1880, p. 346

Jullien, 1883, p. 13(sep.),

pi. xiv, figs. 26, 29

Tata-like; resembling the

ordinary zooecia; or inter-

mediate.

Litermediate.

Like the ordinary zooecia.

Cribrilina-like.

There is no othei' form of ancestrula which is known to

occur in a number of different types of Cheilostomes, and it

is impossible not to agree with Suiitt and others that the

view that the primary zooecium shows ancestral characters

has much to be said for it. In the majority of described

cases the ancestrula is like that shown in fig. 2, and is a

typical Membrauipora-like zooecium. In certain forms

with an infundibuliform zooecium the ancestrula has already

acquired this type. This is the case in Bi cell aria cilia ta,

Avhile in Scrupocellaria the ancestrula may show distinct

tendencies in the same direction. It is hardly necessary to

point out how thoroughly the common occurrence of a Tata-

like ancestrula confirms the general conclusions arrived at in

this paper. It may be remarked that this type of ancestrula

is by no means unlike that of a Cyclostome (which has,

however, no spines) ; and these Polyzoa may probably be

regarded as forms in which the frontal surface remains
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circular and uncalcified, while the greater part of the zooecimn

is constituted by the cylindrical lateral walls,

I do not know of any Flustrine form in which the ancestrula

is other than Flustrine in respect of its frontal wall. In

Membraniporella nitida the ancestrula is Tata-like^ and

shows clearly that the four oral spines are of the same nature

as the remaining ten marginal spines figured by Hincks.

This species is particularly interesting in the fact that some

of the older members of the colony produced by budding

may retain the Membranipora-like condition (Hincks,

1880, pi. xxvii, fig. 7), and possess a series of irregular

marginal spines which do not unite. The remaining zooecia

have their frontal spines arranged with the regularity

characteristic of the Cribrilinidse in general.

The consideration of the Cheilostomata in which the

ancestrula is not Tata-like is almost as instructive as that of

the first set of cases.

In Hippothoa hyalina, Jullien (1888, 4, p. 29) states

that the characters of the ancestrula are variable. In Euro-

pean specimens the frontal wall is fully calcified. The same

condition was found in specimens from Tierra del Fnego,

although in most of the colonies from this locality the

ancestrula was a circular Tata-like zooecium, witli a large

meinbranous aperture bordered by six inwardly curving

marginal spines (Jullien, pi. iv, figs. 1 —3), while in a third

case (ibid., fig. 4) the ancestrula is at first Tata-like, but the

membranous aperture subsequently calcifies, so that the orifice

normal for the species is contained in a calcified oral region

surrounded by the circlet of marginal spines. This leads to

the form described by Jullien as Diazeuxia reticulata

(ibid., fig. 5), in which the orifice of the ancestrula is

completely Schizoporelliform.

Neviani (1898, p. 165) describes three viu-ieties of the ances-

trulaof Microporella malusii. The fii'st of tlieseisau ordi-

nary Tata form with ten marginal spines. Tiie second more

neiirly resembles the normal zocecium of this species, but

agrees with one of the ancestrula? described by Jullien (see
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above) in having the orifice coutaiiied iu a calcareous region

which is surrounded by eight short spines. The third is parti-

cuhirly interesting in liaving a Schizoporella-like orifice.

Schizoporella cristata, according to the description

given by Hincks, is another form with an intermediate type

of ancestrula. The Schizoporelliform orifice is contained in a

calcareous oval area, on the proximal side of which are three

spines, while the orifice is provided with six oral spines.

The ordinary zooecia of the form described by Jullien as

Temachia opuleuta are lageniform, and without spines,

somewhat resembling those of Mucronolla abyssicola.

The ancestrula is obviously Cribriliniform. I have myself

observed an analogous case. A Cribrilina (sp. ?) from

Funafuti, in the collection of the British Museum, has an

irregular arrangement of pores on its frontal surface, some-

thing like that found in C. monoceros. The primary

zooecium is Membraniporella-like, with a perfectly

regular double series of transverse bars, separated by

simple slits.

Fig. 2 shows the ancestrula of a colony of Microporella
malusii, from Naples. The fi'ontal surface and the oper-

culum are Flustrine. The marginal spines, some of which

have been lost, were ten in number (as in one of Neviani's

cases). They originate, like the frontal spines of Cribrilina,

from foramina in the calcareous wall, a little outside the

frontal membrane. The spines resemble the three oral

spines with which most of tho other zorecia of the same

colony are provided.

An ancestrula of M. ciliata, also fromNaples, is somewhat

similar; but it differs iu having a distinct "area," or calcifi-

cation of the proximal part of the frontal surface. The living

tissues have disappeared, and I am, unfortunately, unable to

state certainly whether the calcified area is a cryptocyst or

not. This is, however, indicated by the way in which it

slopes down steeply from its periphery, so that its inner edge

lies at a deeper level than its outer margin. There are ten

long marginal spines.
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Oue or two colonies of M. impressa (S. Devon) are par-

ticularly interesting in having a Scliizoporelliform ancestrula.

In Scliizoporella vulgaris (Naples) I have found an

ancestrula (fig. G), like that of Microporella ciliata, with

ten marginal spines and a calcified plate {crypt.) which is

probably a cryptocyst. This resembles the cases which I

have described as " intermediate" between the typical Tata

form (fig. 2) and the adult condition with a completely

calcified frontal wall. It appears to me that these " inter-

mediate " Tata forms deserve special attention. It remains

to be seen whether the calcified plate internal to the circlet

of spines is really a cryptocyst or not. Taking into considera-

tion the frequency of the occurrence of a cryptocyst in the

Amphiblestrum group of Membranipora (although

the morphology of this part has yet to be determined in many
of these cases) and in such a typical Membranipora as

M. delicatula^ Busk (e. g.) —and noticing, moreover, the

presumed occurrence of a cryptocyst in Bicellaria grandis

(fig. 1), —the presumption appears to be that the plate uuirked

crypt, in fig. 6 is really a cryptocyst. The bearing of these

cases on the phylogeny of the Cheilostomata is considered in

a later part of this paper (p. 3o4).

Cribrilina radiata/ Moll. —The study of a young colony

of this species has led me to altogether unexpected conclu-

sions, which probably indicate that this species is not really a

Cribrilina at all. The ancestrula (fig. 7) is a Tata form

with eleven marginal spines, of which theproximal {sc.) is broad

and somewhat scutum-like, lying horizontally over the frontal

membrane, while the others are erect or somewhat reclined

outwards. Each of the erect spines bears a minute calcareous,

denticulated lobe which originates about halfway up the spine,

and lies horizontally, directed inwards over the frontal mem-
brane. The outline of the ancestrula is somewhat concealed

by the basal lobes of the younger zocecia.

Two zocEcia in contact with the ancestrula are smaller than

the rest, and are doubtless those which were first formed by

' Uiiicks, ' Bnt. Mar. i'ol.,' ISSO, p. 1S5.
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buddiug. One of these (z/) is on the distal side of the

ancestrula, and the other (not drawn) is on its apparent left

side. On each of the five oral spines of these zooecia is a

minute calcareous lobe resembling those of the marginal

spines of the ancestrula. The lobes may be indicated by

still smaller projections on the oral spines of the other

zooecia.

In all the ordinary individuals there occur, on the proximal

side of the operculum, a pair of delicate, membranous,

elongated structures {sj).), which are described by Hincks

(1880, p. 186) as vibraculoid setse. Smitt^ ascribes to them

a sensory function.

The structures in question have no claim to be regarded as

vibracula. There is no trace of any muscles connected with

them, and there can be no doubt that they continue the line

of the oral spines. 'J'his line is, in reality, prolonged all

round the zooecium, the succeeding spines [sp.') being delicate

membranous papillte which barely project above the calcareous

surface, and are obviously in series with the oral spines and

the "vibraculoid setae." The base of each papilla is a pore in

the calcareous frontal wall. Comparison with the ancestrula

and with the calcareous lobes of the oral spines of the younger

zooecia seems to indicate that the membranous papillas, together

with the oral spines, correspond with the marginal spines of

the ancestrula. The calcareous lobes of that individual are,

in consequence, the representatives of the bars which have

united to form the frontal wall of the ordinary zooscia, while

the scutum-like spine of the ancestrula is probably the

equivalent of one of the denticulated lobes on the other

spines.

It has usually been assumed that the radiating series of

pores correspond with the slits between the bars. This is

certainly the case in C. philomela (fig. 8); but in C.

radiata (fig. 7) there can be no doubt that the pores are in

the same radii as the membranous marginal spines. I can

1 " Floridan Bryozoa," II, ' K. Svenska Vet.-Ak. Haiidl.,' xi, 1873, No. 4,

p. 22.
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find no indication of a double calcareous wall in tliis species,

and it therefore appears to me that the frontal wall is in a

Lepralioid condition, the inner calcareous wall alone being

developed, and being perforated by a series of vacuities,

while the outer wall remains membranous. The probability

that a layer of living tissue (epitheca) overlies the calcareous

wall is increased by the fact that the surface of the latter is

ridged, a condition which is usually associated with a covering

of living tissue.

The lateral junctions of the frontal bars are indicated by

prominent radial ridges, each of which rises to a small tubercle

just inside the line of the membranous papillas above described.

The pores consequently lie, as described by other observers,

in radiating furrows. That the union between the bars has

not been complete is indicated by the fact that a thin line of

air in some cases underlies the ridge.

The consideration of these facts suggests that the frontal

wall has here not been formed by the overarching of the

main spines, but by the development of the inner lobes of

branched spines. It is impossible not to be reminded of the

condition described by Jullien (1886, p. 609) in the

Cretaceous Steginoporidte, where a calcareous wall ^ is

formed by the growth of branched peristomial spines.

I have, unfortunately, been unable to make out the con-

dition of the compensation-sac in C. radiat;i, but it is well

known that this species may possess a well-marked median

pore (m. p.). In addition to this Microporelloid feature, it may
be noticed that the zooccium is surrounded by a flat basal lobe

formed of pore-chambers," as in Microporella ciliata and

M. malusii. These are not present in C. philomela.

There can, I think, be little doubt that C. radiata cannot

be retained in the same genus with C philomela, and it is

possible that its affinities are rather with the Microporellida;.

Cribrilina figularis, Johnst. (Plymouth), is another

species in which, so far as can be judged from dry material,

' Wliicli, however, would not appear to correspond with that of C. radiata.

' The details of the pore-chambers are not indicated in (ig. 7-
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tliere is evidence that the frontal shield is formed by a

series of horizontal lobes developed from the main spines.

These latter are indicated with great distinctness as a curved

series of conical calcareous papilke, the truncated, end of

which is a membranous fenestra, and stands up at a higher

level than the frontal shield, which is encircled by the

papilla). The radiating series of pores here correspond with

the intervals between the spines, as in C. philomela.

The existence of great differences between the opercula of

different species at present referred to Cribrilina suggests

that the genus is an unnatural one, representing a stage in

the evokition of the Lepralioid. zooscium, which has been

arrived, at independently in several cases, and is merely the

result of incomplete lateral fusion of the bars which compose

the frontal shield.

VI. Classification of thp] Cheilostomata.

While recognising the danger of drawing taxonomic con-

clusions from the study of a single organ, I cannot but think

(with Jullien) that the consideration of the frontal surface is

capable of settling some questions of this kind in the Cheilo-

stomata. It would, I think, be premature to propose a new
classification, but the observations above described suggest

certain lines along which the existing classifications may be

amended. I confine myself to groups to which I have paid

some attention, leaving entirely out of consideration a large

proportion of recent genera.

(1) The Membraniporidge and Flustrida) are indicated as the

most primitive group of Cheilostomes by the relations of their

frontal membrane and parietal muscles, and by the evidence

afforded by the primary zooecium of many other Cheilostomes.

For this group 1 think that Smitt's name Flustrina should be

retained. It remains to be seen whether many of the

Amphiblestrum-like forms of Membrauipora, in which

a calcareous cryptocyst (?) is developed, are more nearly

related to this group or to the Microporoid series.
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In many of the Flustriua there is an elongated frontal

memhrane which is tj'pically depressed by a series of parietal

muscles. A frontal membrane of this description occurs in

the MenibraniporidtB (part), Flustridie, and Farcimiuariidae,

and in such genera as Bugula and Beania.

In other Flustriue forms (Dimetopia_, Bicellaria) the

zooecium becomes elongated and usually iufundibuliform,

Avith a concurrent reduction in tlie size of the frontal mem-
brane —a tendency which mny be shown even in the ances-

trula. The reduction of the iVontal surface may be correlated

with a reduced number of parietal muscles.

(2) Another series seems to be constituted by Scrupo-
cellaria, Menipea^ and Caberea, a group of "Cellularine"

forms in which certain species in each genus have the frontal

membrane protected by the excessive development of a single

lateral spine, the fornix or scutum, which may, hoAvever, be

vestigial or absent. In some cases, as in Menipea
jeffreysii/ Norman, the scutum is so largely developed

that a complete calcareous frontal wall appears to exist.

Round the edge of this is a slit which is the interval between

the edge of the oval scutum and the calcareous margin of

the frontal membrane. The scutum originates from a broad

calcareous base just proximal to the operculum, and on its

inner side. It has a nearly straight suboral edge, which

meets the basal sclerite of the a2:)proximately semicircular

closed operculum. On the outer side the scutum locks firmly

into a strong tubercle developed from the edge of the

zooecium. If the scutum were to fuse completely with the

edge of the frontal surface a compensa.tion-sac would be

produced which would liave had a different phylogenetic

history from that of many other Cheilustomes. I see no

reason why cases of this kind should not exist,- and it is

possible that evidence to that effect might be forthcoming in

' Norman, ' Aim. Mag. Nat. Hist.' (G), xii, 1893, p. MG.
- The figure given by Waters (1888, pi. i, fig. 1) suggests that this might

be the case in Catenaria bicornis; and the structure of C. lafontii

(tig. 49) is not irreconcilable with this view.
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tlie existence of a single comniunicatiou between the living

tissue of the frontal wall and that of the bocly-cavity, corre-

sponding with the base of the scutum.

The group is usually characterised by the high develop-

ment of avicularia and vibracula.

(3) The Microporoid series includes Micropora^ Tliala-

moporella, Diploporella^^ and Steganoporellaj all

characterised by the development of a cryptocyst" or calcareous

lamella which grows beneath the frontal membrane. In the

forms which have been examined, the parietal muscles are

i-educed to a single pair of highly developed depressor

muscles which commonly traverse opesiules^ to reach the

frontal membrane; or, in Steganoporella, to a pair of

depressor muscles and a pair of divaricators. The series

probably includes a large number of the Cretaceous forms

allied to Ony chocel la, as well as the recent 0. abyssicola,

Smitt, etc. Some of the recent species sometimes placed in

the Membraniporidae may also belong to this group.

(4) The Cribrilinidag, including Membraniporella and

Cribriliua (part), are forms in which a calcareous frontal

wall is developed, ontogenetically, by the overarching of a

series of marginal calcareous spines. This process has been

observed by various authors in a certain number of species.

I have shown above that C. radiata differs in important

respects from the typical Cribrilinidas.

(5) In Umbouula verrucosa the frontal shield originates

ontogenetically as a calcareous lamina, ]jerforated by a con-

spicuous series of marginal pores, which grows over the

Flustrine frontal membrane, leaving* a Avide space between

itself and that membrane. The parietal muscles develop in

the situations which they will occupy in the mature zooecium.

I consider that the marginal pores correspond with the

origins of as many Cribrilina-like spines which have

united to form the frontal shield. The external calcareous

1 MacGillivray (1887), p. 207.

' Cf. Hai-mer (1900), p. 22S.

3 Ibid., p. 230.
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layer of the spines is now represented only by a membranous

epitlieca_, composed of living tissue bounded by an external

cuticle, Avhile the frontal shield itself corresponds with the

deeper layer of the original series of spines (fig. 12). The

frontal shield extends to the sides of the operculum as a pair

of calcareous shoulders, which commonly bear avicularia,

while the suboral part of the shield may support a median

avicularium which guards the entrance to the incipient com-

pensation-sac. " Mucrouella^' pavonella, Alder (p. 29G),

probably belongs to Umbouula, which may also include

M. bicuspis, Hincks.^

So far as I can judge fi'om dry preparations, the develop-

ment of the frontal shield takes place in the Umbonuloid

manner in Porella compressa, P. saccata" ( = ]\

elegantula, auctt.), P. (Palmicellaria) skenei, Mucro-
nella coccinea, and Escharoides sarsii. In specimens

of U. verrucosa from Naples^the suboral avicularium has a

mandible which closely resembles that described by Waters*

in species of Porella, being of more or less semicircular

form, with denticulated margin and conspicuous A-shaped

main sclerite. This confirms the association of Porella with

Umbonula. I am inclined to think that the presence of

marginal areolte (as shown in figs. 10, 11) is of great import-

ance as indicating affinities in this direction.

(6) In the Lepralioid type of calcification (figs. 13 —15, 41)

the young zooecium frequently has a Flustrine appearance
;

but the frontal shield seems to result from a direct calcifica-

tion of the frontal membrane. The compensation-sac is

developed, after calcification is complete, as an invagination

formed at the base of the operculum. This is the case in

Lepralia, Sch izoporella, Urceolipora nana, Euthy-
ris, Euthyroides, Vittaticella, and Catenicella. The

' 'Ann. Mag. Nat. Hist.' (5), xi, p. 201.

2 Walers, 1900, p. 81.

^ It is, however, possible that this form is not identical with the littoral

form common on tiie south coast of England, which 1 have alluded to as U.

verrucosa.
< iiiOO, pi. xi.
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parietal muscles at first radiate to the bnse of the operculum

(figs. 13, 14), but their insertions become shifted by the

growth of the compensatiou-sac, until in the fully formed

zooecium (figs. 33, 46) they liave much the snme relations as

those of Unibonula (fig. 11) or of Cribriliua philomela

(fig. 9). It seems difficult to avoid the conclusion that the

floor of the compensation-sac represents in all cases the

original frontal membrane, as indicated in the diagrammatic

figs. 43, 44, 50. From this it would appear to follow that in

the Lepralioid mode of development the phylogenetic liistory

of the compensation-sac implied by those figures has been

modified ontogeneticall}'^, in such a way that the apparent

frontal membrane of the young zooecium is in reality an

epitheca (cf. fig. 12, ep.), that the calcareous frontal shield

is next formed beneath the epitheca, and that the frontal

membrane only makes its appearance when the compensa-

tion-sac is invaginated. The fully developed frontal wall of

a Lepralia would, on this view, be represented by a com-

pletely fused series of Cribrilinid spines, of which the outer

layer is membranous ( ^ epitheca) and the inner layer is

Cidcareous (fig. 50) ; the marginal pores on this view corre-

sponding with the original communications between the

Cribrilinid frontal bars and the general body-cavity.

Another view is, however, possible. The membranous
covering of the young zooecium may be, as it appears to be,

the frontal membrane, and the frontal shield may be a cryp-

tocyst which grows beneath the membrane towards the distal

end of the zooecium.

Thus in fig. 34 the calcareous frontal wall from which the

papilla {cede, p.) is seen to arise would be the cr3'ptoc3"st, which

has grown distally beneath the frontal membrane [ep.). The
invagination of the compensation-sac would then represent

an ingrowth of a fold of the frontal membrane round the

free distal border of the cryptocyst. The actu.il ontogeny

of the organ would then agree completely with its supposed

phylogeny in such cases as Lepralia, Schizoporella, and

Euthyris. The Microporoid series of genera would tlius
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acquire great importance in throwing light on the structure

of some of the Escharine forms. If a given species has a

Cribrilinid ancestry, it might be expected that the roof of the

compensation-sac would be formed by the deeper surface of

the frontal shield (figs. 12, 50). If, on the contrary, the

frontal shield is a cryptocj'^st, it might be anticipated that the

compensation- sac would have a membranous roof distinct

from the frontal shield. Although this arrangement is indi-

cated in fig. 34 (Euthy ris obtecta) I cannot assert positively

that it is the case in that species. There is, however, no

doubt of the existence of a complete membranous roof to the

compensation-sac in Euthyris clathrata (figs. 26, 27).

There are other considerations which indicate that the

frontal shield may, in certain Escharina, be a cryptocyst.

Numerous Membraniporidte, both recent and fossil, show a

tendency to develop a cryptocyst, although in many cases

complete proof that the calcified '' area " is of this nature is

not yet forthcoming. The case of Bicellaria grandis

(fig. 1) is again uncertain. But the fact which is, perhaps,

most significant is that in certain species of Schizoporelia

(fig. G), Microporella, etc., the region encircled by tlie

marginal spines of the primary zocecium is partially calcified

proximally. It appears to me to be of great importance to

ascertain whether this calcified portion is of the nature of a

cryptocyst oi' not ; —in othei- words, whether the frontal

membrane extends as far as the sharp ridge on the inner

side of the base of the spines. I can hardly doubt that this

is the case ; and if so, the Mici'oporoid origin of Escharine

forms in which the compensation-sac develops as an invagi-

nation at the base of the operculum would appear to bo

indicated. The Cribrili na-like character^ of certain species

of Catenicella, in which the sac develops in this way, is,

however, a difficulty which requires further explanation.

' Tliis character is indicated in fig. S.") of llie present paper, and in many

figures on pis. i and ii of MacGillivraj's "Monograph of the Tertiary Polyzoa

of Victoria" ('Trans. Roy. Soc. Vict.,' iv, 1895). Tiie Escliarine nature of

the Cateniceliida; is noticed l)y Sniitt (ISOS, 2, p. 40).
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It may perhaps iudicate that the cryptocyst may have

co-existed with a Cribrilina-like frontal shield, and it is not

indeed impossible that the plate
i)?.

in fig-. 54 may represent

the cryptocyst.

Calvet (1900, pp. 163,436), who gives an excellent account

of the structure of many marine Ectoprocta, has already

expressed the opiuion that in Lepralioid forms the calcified

frontal wall is a cryptocyst. He states tliat while in most

species the cryptocyst and the more external '^ ectocyst
"

(= epitheca) occur only on the frontal wall, in Retepora
the whole external surface is two-layered. This and the

analogous case of Urceolipora nana require further study.

Calvet does not recognise the compensation-sac, although

it is indicated clearly in his pi. viii, fig. 9 (Catenaria
lafontii), and its development is partly described on p. 399

and figured in pi. xiii, fig. 20 (Lepralia foliacea). Tiie

account which he gives (p. 168) of the median pore of

Microporella does not agree with my results. I think

that the discrepancies are easily to be explained by4he fact

that in highly calcified species the compensation-sac is so

delicate that it may easily be overlooked in sections which have

been distorted by decalcification and embedding in paraflSn.

Calvet, after quoting in extenso (p. 276) Jullien's very

accurate account of the mode of articulation of the operculum

and its relations to the compensation- sac, proceeds to give it

a complete denial (p. 278). He explains the existence of the

parietal muscles in species with a calcified frontal wall by

supposing that wall to have an amount of flexibility sufficient

to allow itself to be depressed by the parietal muscles. The
fact that these muscles are not inserted into the Cidcitied

wall is a sufficient answer to this sug-e'estion.

Euthyris may be regarded as a highly modified Escharine

form, which has acquired a F lustra-like habit. The

irregularity of the bars of E. clathrata, and the fact

that they are entirely beneath the epitheca, suggest

that they do not represent the tubular frontal bars of

Cribrilina, but are due to deficiencies in the calcification of
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wliat was once a completely calcified wall. The epithecal

investment is particularly obvious in Euthyris. It is

possible that the basal epitheca is a reminiscence of a time

when the frond was composed of two layers of zooecia, placed

back to back. I have previously (1901, p. 17) pointed out

that there is evidence that many Cretaceous Cheilostomes

were provided with a similar basal epitheca.

(7) In the Microporelloid series the compensation-sac opens

by a '^ median pore," which has probably resulted from the

closure of a Schizoporelliform sinus. Tlus view, which has

been adopted by Gregory ^ as the basis of his division

Schizothyriata, receives support from the occasional occur-

rence in the group of an ancestrula with a Schizoporella-

like operculum (cf. p. 324). Gregory's classification places

Schizoporella with Microporella, and separates both

from Lepralia. It appears to me, on the contrary, that

Lepralia and Schizoporella cannot be separated from

one another, whereas Microporella is a distinct step in

advance of the other two.

This section includes Microporella,, and perhaps "Cri-

brilina" radiata among encrusting forms; while Calwellia

(in which I place Urceolipora den tata), Ichthyaria, and

Onchoporella also belong to it. I think Miss Jelly " goes

too far in placing Siphonicy tara in Calwellia. Oncho-
porella may include O. borabycina, auctt., 0. ligulata,

Bask,'^ and O. selenoides, Ortmann,'^ but there seems to be

little except its habit to distinguish it from Calwellia. The

suture which in the latter genus connects the middle line of

the operculum with the median ]wrv probably indicates tlie

' 1893, p. 224.

2 1889, p. 33.

^ ' Quart. Journ. Micr. Sri.,' viii, 1800, p. 282. Tins species has a close

resemblance to O. boiiibyci iia, auctt. It was clearly by an ovcrsii,'lit lliat

Busk (1881', p. 104, n.) referred Scrnparia d lap liana instead of Car base a

ligulata to his genus Onciioporelia ; tlie original figures of the two species

liaving appeared on the same plate of this Journal.

* 'Arch. f. Naturg.,' ivi (i), 1890, p. 28.



THE MOIIPHOLOGY OF THI'] OHKILOSTOMATA. 8o7

incomplete fusion of two snboral calcareous spines by which

the median pore has been cut off from the orifice. The
characteristic infundibuliform pores on either side of the

suture are perhaps parts of these spines.

It may be pointed out in conclusion that the principal

results of this paper appear to be completely in accordance

Avith palfBontological evidence. In Canu's important memoir
on Cretaceous Cheilostomata (1900), the rarity of the

Cretaceous Monodermata, a group instituted by JuUien,

which corresponds in the main with the Escharina of other

authors, is pointed out (p. 458), and only three pages are

devoted to their consideration. Nearly all the remaining

species belong to the groups designated as Flustridas,

Onychocellidfe, Opesiulida3, and Costulida3. The Flustrid^e

correspond with the Flustrina of other authors. The
Onychocellidas are an important series, still represented by

the recent genus Onychocella, characterised by the great

development of the cryptocyst, and usually by the presence

of a peculiar form of vicarious avicularium known as an

onychocellium. The Opesiulida; include the recent Micro-

poridae and Steganoporellidse. The Costulida9 are equivalent

to the CribrilinidfB. These four groups are all represented

by a large number of genera and species.

Gregory (1896, preface) states that ^'it is among the

Jurassic deposits that Ave have to seek the ancestors of

existing types of Bryozoa." His Catalogue of Jurassic

forms includes only two Cheilostomes, one of which is a

Membranipora and the other an Onychocella.
It thus follows that the Jurassic and Cretaceous Cheilo-

stomes belonged, for the most part, to the Diplodermata

of Jullien (= Athyriata, Gregory, 1893, p. 22o). Both

Jullien, in a memoir (1888, 4, p. 8) published subsequently

to the original introduction of his term Diplodermata, and

Gregory include the Cribrilinidte in the sub-orders respectively

adopted by them. It appears to me that the Cribriliuidna

would be better left out of the sub-order. They do not agree

with Jullien's definition of the Diplodermata as forms with a

VOL. 40, I'AKT 2. NKWSliKIKS. X
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double '^ectocystj" that is, as forms in which there is a

calcareous cryptocyst internal to the frontal membrane.

Although Gregory was justified in regarding the Cribri-

linidae as forms in which the frontal membrane persists,

the view which I take of the compensation-sac involves

the conclusion that the membrane persists even in the

Eschariue genera. The Cribrilinidte may be regarded as a

transition-group between the Flustrine and the Escharine

forms; but, as I have pointed out above, it appears to me
that the family, as at present constituted, is not a natural

one.

Although it is very difficult to draw a line between the

more simple species of Membranipora and those in which

a definite cryptocyst occurs, it is hardly possible to speak of

some of the former as diplodermatous. Although the term

Athyriata is antedated by Diplodermata, it is more in

accordance with the structure of recent genera than Jullien's

term, and in the present state of our knowledge it would

perhaps be well to accept it as the name of a group in-

cluding those forms in which the frontal membrane persists

in more or less its primitive form, whether a cryptocyst is

present or not below it.

The Athyriata are thus, ou pahiDontological evidence, the

oldest group of Cheilostomes. In the Cretaceous period they

had already differentiated themselves into the types of

structure represented by Membranipora, Ony chocell.i,

and Micropora, in the latter two of which the cryptocyst is

well developed. The Cretaceous period is also characterised

by the occurrence of a number of s])ecies belonging to the

transitional Cribrilinid type. So far as the evidence goes

at present, the true Escharine forms were then much inferior

in number to the dominant Athyriate group.

With regard to the other parts of Gregory's classification

(180P), p. 223), it appears to me that the sub-order Stolonata

includes several families of very different affinities, the

EucrateitUe at any rnte probably belonging to the Athyriata.

Some of the Cellulai-ina are also Athyi-iate, while I agree
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with Gregory (p. 222) that Catenicella, which he places

nevertheless in the Cellularina, has but little to do with the

other Cellularines. I cannot accept the divisions Schizothj^-

riata (forms with a sinus or a median pore) and Holothyriata

(other Escharine genera), because it seems to me that there

is no essential difference between the Schizothynate

Schizoporella and the Holothyriate Lepralia. Both

these genera probably require a good deal of rearrangement

and subdivision; but among recent species there are

certainly cases in which it is an open question to which

genus they should be referred. It would perhaps have been

better to institute a new sub-order for the Microporelloid

genera. The question is complicated by the fact that all

"median" pores are not homologous structures. It is a

well-known fact, for instance, that in some cases (e. g.

Adeonella) the median pore is simply a peristomial

opening.

VII. Summary op the more Important Results.

(1) A large number of Cheilostomata are provided with a

"compensation-sac," a structure described by Jullien, which

opens at the proximal border of the operculum or by a

" median pore." Muscles which usually originate from the

lateral walls of the zocBcium are inserted into the floor of the

compensation-sac, which they dilate by their contraction,

thereby helping to force out the polypide. The constant

change of water in the compensation-sac probably has a

respiratory importance. The sac is frequently found in

zooecia whose polypides have undergone histolysis.

(2) The floor of the compensation-sac corresponds in whole

or in part with the membranous frontal surface (for which

the name "frontal membrane" is suggested) of a ]\Iem-

branipora; and its muscles are homologous with the

parietal muscles of the same genus. The compensation-sac

appears to have been evolved in more than one way.

(3) In (Jril)rilini(la3 it is well known that a calcareous wall

(for which and for other calcareous frontal walls the name
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'' frontal shield " is suggested) is developed as a series of

marginal spines, which overarch the frontal membrane. This

leads to the condition found in some Escharine forms, in

which, as in Umbonula, the calcareous frontal shield

similarly overarches the frontal membrane.

(4) Tlie frontal shield of the Microporid;i3 and Stegano-

porellidte is of the nature of a cryptocyst,^ —that is to say, of a

calcareous lamella, which grows horizontally across the bod}"-

cavity beneath the fi'ontal membrane. This has, perhaps,

led to the condition found in Lepralia, Schizoporella,

and other genci'a, in which the compensation-sac is developed

as an invagination at the base of the operculum and passes

to the deeper side of the frontal shield, which is on this view

a cryptocyst.

(5) The epitheca, or layer of living tissue, bounded by a

cuticle, which covers the frontal shield, may represent the

entire frontal membrane (Microporidffi, etc.), or only a part

of that membrane (Lepralia, etc.), or it may have been

derived from the outer calcareous layer of the frontal bars of

a Cribrilina-like form (Umbonula). The epitheca is

frequently responsible for the addition of second ai'y calcareous

matter to the frontal shield, and in some cases (Cellepora,

etc.) for the formation of new generations of zooecia which

are superposed on the older ones.

(6) The operculum, in its more primitive condition, is merelv

part of the frontal membrane strengthened by a semicircular

marginal flange. It acquires a firmer texture and a more

elaborate arrangement of its thickened parts as the result of

its articulation with calcareous portions of the zooccinm.

While occlusor muscles may be regarded as an essential

adjunct of the operculum, definite divaricators seem to have

been evolved as a modilication of the distal pair of parietal

muscles.

(7) 'IMie consideration of the relations of the frontal surface

involves consider.able rearrangements in the Clieilostoniata

(see section on classification, p. 329).

' Cf. Harmer (1900), p. 228.
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f8) The results of the study of the couipensatioii-sac and

frontal surface generally are confirmed by an examination of

the primary zoa^cium or "ancestrula" (Jullieu).

(9) Two new species (Eutliyris clathrata and Lepralia
liaddoni) are described, and a new genus (Euthy roides)

is suggested for Eutliyris episcopalis, Busk.

(10) The operculuui of E. clathrata is of a specially

complicated type. The vestibule, or first part of the introvert,

is provided Avith a chitinous distal lip, for which the name
"labium " is suggested.
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EXPLANATIONOF PLATES 15—18,

Illustratiug Mr. Sidney F. Harmer's paper " Ou the Mor-

phology ot" the Cheilostomata,"

Reference Letters.

tir. Marginal areolae, acic. Avicularium. b. Pulypide-ljud. b.b. Brown
body. b.ep. Basal epitheca. bullr. Buttress of operculum, ca. Caecum of

stomach, calc.p. Calcareous pa|)illjfi. cond. Condyle, or cliitin surrouudinj;

tlie decalcified condyle, c. p. Communication |)ore. c. s. Compensal ion-sac.

crypt. Cryptocyst.. depr. Depressor muscle of frontal membrane, div . \)'wa\'\-

cator muscle of operculum, d. w. Distal wall of zooecium. ep. E|)itlieca.

ep. c. Cavity beneath ci)itlieca. /. Membranous fenestra. /. b. Frontal bars or

costules. Jl. Vertical flange of operculum, f. m. Frontal membrane. /. s/i.

Frontal shield. /. .s/i. d. Distal lobes of fronlal shield, in/, civic. Infra-avicu-

lari.iu compartment, j. Chitinous joint, lb. Labium. /. /•. Lateral recess.

m. c. Marginal cavity of frond. m. p. Median pore. in.t. Median tooth

(lyrula) of Smittia. vccl. Occlusor muscles of o|)erculum. op. U|)erculum.

op. gl. Opercular glands. oi\ Ovicell. p. Pores, p. c. rore-ehambers.

/;. d. Parieto-aiaphragmatic muscles, p. m. Parietal muscles. /;. mJ Distal

grou|) of parietal n)uscles. /;. v. m., p. v. m! Parieto-vaginal muscles and

bands. /;. w. Proximal wall of zooecium. p. z. Primary zooecium. r. m.

lletractor muscles of |)olypide. *., s.' Suture in calcareous wall. scl. Chitinous

sclerite. sp. Spine, sup. acic. Supra-avicularian compartment, t. Tentacles.

A 5. Tentacle sheath, t^. Vitta. uef*^. Vestibule (— diaphragm), r.' Daughter-

zocecium.

Fig. 12 (PI. 15) and Figs. 43, 44, 50, and 51 (PI. 17) are diagrammatic

representations of the points respectively illustrated by them. Fig. 18 (PI. IG)

is X 1. Figs. 19, 20, 22, 32, 35, and 36 (PI. 10) were drawn to the same

scale (camera lucida, Zeiss, A obj.). Fig. 19 was not reduced, but the others

were reduced \,. All the remaining figures are more highly magnified (Zeiss,

C ol)j. ; afterwards X \).

The specimens figured belong to the Museum ol ZmilD^^y at Candjiidge.
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PLATE 15.

Fig. 1. —Lici llaria i,n- a mi i s, Busk, var. prod iicl a, MacGill. Sliowin^

the frontal iiieiiil)raiu; (/. »i.), into which a siiij,fie pair ol' |)arietal muscles

(/;. HI.) are iiibcrted ; the plate ciypl. is probably a cryptocyst. The zooeciuiu

has f^iveii rise by budding to two younger zooecia {z.'), and is connected witii

its lateral neigiibour by the conmiunication pore {c. /;.). Each of the three

conmiunicalJon pores is surrounded by a strong calcareous ring; occl.,

occlusor muscles. —Victoria.

]<'io. 2. —]\licroporella malusii, And. Primary zooecium or ancestrula.

Tlie frontal membrane is typically Eiustrine, its calcareous margin bearing ten

spines, of which three are oral s|>ines. —Naples.

Fig. 3.

—

Elustra pisciformis, Busk. Distal view of operculum, showing

the vertical flange/.— Bass's Strait (Challenger Collection).

YiG. 4. —F. pisciformis. An entire zooecium from the same slide. The

distal groups of |)arietal muscles {p. mJ) probably act as divaricators of the

operculum.

Fig. 5.

—

Dimetopia spicata, Busk. The funnel-shaped zooecium is

closed by a terminal frontal membrane which is depressed by a single i)air of

])arietal muscles {p.m.). —Victoria.

jj^j(j_ (3_

—

Schizoporel la vulgaris, Moll. Primary zooecium. The region

inside the marginal spines is partly occupied by a calcareous plate (c/ypf.),

which is probably a cryptocyst. —Najjles.

Fig. 7.

—

Cribrilina radiata, Moll. Primary zorecium {p. z.) and three

younser zooecia. The Flustrine frontal membrane of p. z. is overarched by

a proximal scutum-like s|)ine {sc), while the ten other spines bear minute

horizontal calcareous lobes which project from their inner sides. The oral

spines of the zooecium z! bear similar lobes. In all except the primary

zoceeium the series of oral spines is continued by the pair of elongated mem-

branous spines [sp.) on either side of the median |)ore [ni. p.), and further by

the small papilla) (.v/;.'), which correspond with the marginal spines of the

primary zooecium. The series of pores are in the same radii as these modified

s|)ines. The pore-chambers arc not indicated. —Najiles.

].'|(j_ 8.

—

Cribrilina ph i lorn ela, I'iusk. The frontal shield is composed

of hollow calcareous bars (/. /a), alternately arranged on the two sides of the

zooecium. The rows of pores correspond with the intervals between the bars.

The compensation-sac {c. s.) and snnu> of the parietal muscles (/;. vi.) are indi-

cated. —Marion Is. (Challenger Collection).

Fig. 9. —Basal view of another zooecium from the same colony. The dista

parietal muscles {p. m.') are stronger than the other grou|)s (;;. vi.).

Fig. 10. —Umbonu la pavonel la, Alder. A series oflarge areolai' occurs

1 Cf. Gregory (1S93), p. 221.
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round tlie proximal and lateral borders of the frontal sliield, wliicli extends as

two wing-like i)rocesses (/. sh. d.) along the borders of the orifice. Each of

these processes bears a lateral oral aviculariuni (avic). The calcareous floor of

each areola is perforated by a pore throuuh which a strand of living tissue (.r)

passes to join a sheet of similar tissue which overlies the froutal shield. The

frontal membrane lies at a much lower level than the frontal shield (cf. Fig. 12),

and the orifice is not represented. —North Sea.

Fig. 11. —Umbonua verrucosa, Esper. Young zocecium. The frontal

shield is represented by a crescentic calcareous IJlm, already divided by radiat-

ing buttresses on its upper surface into distinct areolae («/".), in the floor of each

of which is a pore (/;.). The distal wings (/. sA. d.) of tiie shield are distinctly

indicated. The parietal muscles {p.m.) are seen through the calcareous film.

—

Plymouth.

ElG. 12, —Diagrammatic longitudinal bisection of an Umbonuloid Cheilo-

stome.

Figs. 13—17-

—

Euthyroides episcopalis, Busk. —Victoria.

Fig. 13. —Young zocecium. The limit of calcification is the line x,

distal to which is an accumulation of nuclei {c. s.), to which the parietal

muscles (p. m.) radiate. The distal wall {d. w.) of the zooec;ium is not

completely calctfied ; e., growing edge of zoarium.

Fig. 14. —An older but much shorter zocecium, in which calcification

is nearly complete. The median pore is becoming delimited by the

simultaneous growth of the median tongue {tff.) of calcareous matter and

the lateral processes {J.}).). The parietal muscles (;;. m.) radiate towards

a mass of tissue at the base of the oiierculum ; c.p., communication pores.

Fig. 15. —Older zorecium, with completely calcified walls. The com-

pensation-sac {c. s.) now possesses a distinct caviiy, but is still of small

extent.

Fig. IG.— Mature ovicell, borne by a fertile zocecium which has an

ordinary zocecium on its proximal side.

Fig. 17. —A fertile zocecium with a young ovicell {ov.) represented l)y

a concave plate, which will constitute the inner wall {i. to.) of the ovicell,

and by a second ()lale, which will form the ouier wall (o. w.). The
Cribrilina-like frontal bars {/. b.) differ from lliose shown in Fig. 16

in correlation with the presence of an ovicell {ov.') on the proximal side of

this zocecium. On the distal side of the young ovicell {ov.) is a still

younger fertile zocecium whose frontal bars are only half developed.

PLATE IG.

Figs. 18 —31.

—

Euthyris clatlirata, n. sp. —Fort Jackson.

Fig. IS. —Ends of several branches, X 1.
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Fig. 19. —Ojjeiculuni and hiljiuni (/.) from a dry specimeii. The arrow

indicates the entrance to the compensation-sac.

Fig. 20. —Part of the frontal surface of a brancli ; ?//., lateral margin of

the frond, the epilheca of which covers a continuous marginal cavity

(w. c), strengthened by calcareous bars {c. b.) in its frontal wall. Two of

the opercula {B, B') are different from the others (A).

Fig. 21. —The zoojcium B and parts of its neighbours, of the preceding

figure ; d. w., distal wall of B
; p. w., proximal wall of its distal neighbour.

(For X, see Fig. 30.)

Fig. 22. —Basal view of several zooecia ; m, mesenttry-like lamella

of chitin connecting the proximal part of the basal wall of the zoteeiiim

with the basal epitheca.

Fig. 23. —Labium, seen fium the distal side.

Fig. 21'. —Open operculum (o/;.) and labium (/Z*.), in side view; com!.,

chil.inous lamella covering the condyle (decalcified) ; *6'/., sclerite surround-

ing the cavity in which the ojiercnium lies; c.s., beginning of floor of

compensation-sac ; p^s/., entrance to vestibule.

Fig. 25. —Closed operculum and labium ; ocr/., occlusor muscles; dio.,

divaricator muscles. (I'or .?•, see Fig. 30.)

Fig. 26. —Longitudinal section (thick) of a zoocinm; b. ep., basal

epitheca; ep. c, cavity beneath epitheca ; y! (J/., a bar belonging to the

frontal shield.

Fig. 27- —Distal part of the operculum, with the labium {lb.), seen in a

thick transverse section of tiie zooecium (not decalcilled). The condyles

{cQiid.) are in tiie foreground, and the part of the operculum immediately

connected with them (cf. Fig. 29) is not indicated. The labium anil tlie

biting edge of the operculum are seen at a much dee|]er locus; p., pores.

Figs. 28 —31. —Transverse sections of opercula.

Fig. 28. —On the distal side of the condyle, showing the great extent

of the vertical lateral llanges,' and the free terminations of the buttresses

of the operculum.

Fig. 29. —Through the region of the condyles; the opeiculum is jjar-

tially open.

Fig. 30. —On the proximal side of the condyles ; showing the way in

whicii the circular marks (.r) which appear in Fig. 21 are formed.

Fig. 31. —Immediately distill to the bas.il sclerite.

1 Owing i() the hardness of the chitin of the opercula, 1 have not succeeded

in obtaining completely satisfactory thin sections showing the relations of the

labium to adjoining |)arts.



THE MORPHOLOGYOF THE CHEILOSTOMATA. 347

Figs. 32—37.

—

Eutliyris obtecta, Hincks. —Torres Straits.

Eig. 32. —Part of tlie frontal surface of a brand), showing two of the

large zocecia (b) ; m. c, marginal cavity of frond; a/ /c. /a, calcareous

papillae supporting llie frontal eititlieca : /?., pores.

Fig. 33. —Basal view of a B-zocEciuin from which most of the basal

calcareous wall [h. to.) has been removed. The tentacles (^.), contained in

their tentacle sheath, lie in a groove of the compensation-sac {c.s.) which

bulges out on each side of the tentacles. The operculum [op.) is seen

partly through the distal wall {d. to.).

Fig. 34. —Thick longitudinal section, showingtlie frontal epitlieca (e/;.)

and the basal epitheca {i. ep.) held at a distance from the calcareous walls

of the zooecia by the calcareous papillae {calc. p.).

Fig. 35. —Basal view of a B-zooecium (b) and several others ; from the

edge of a frond.

Fig. 3G. —B-zocecium and A-zooecium, calcined. The zooecia are in

contact with their neighbours by small parts only of their walls, which

are perforated by communication pores [c. p.). The remaining ])ores {p.)

are in relation with the cavity beneath the epitheca.

Fig. 37. —Basal view of part of the marginal thickening of an old

brunch; z., zocecia; m., free margin of branch ; /.,/., longitudinal cal-

careous ridges.

PLATE 17.

Fig. 38.

—

Lepralia haddoni, n. sp. ; showing an avicularinm {acic.) and

the two kinds of opercula. —Torres Straits.

Fig. 39. —L. haddoni. Basal view of azocecium with trifoliate o|)erculuni,

from the same slide ; m. ov., muscles of ovisac.

Fig. 40.

—

Smittia re ticulata, J. MacGdl. ; showingtlie marginal areolae

(«;•.). —Naples.

Fig. 41.

—

Lepralia jiallasiana, Moll. Young zooecium. The comj)eiisa-

tion-sac {c.s.) is still small. The [)ores extend round the distal margin of the

operculum. —Naples.

Fig. 42.

—

Smittia trispinosa, Johnst., var. arborea, Lev.; showing

the compensatiou-s:ic {c.s.). —Greeidand.

Fig. 43.— Diagrammatic transverse section of a Flustrine form, showingtlie

parietal muscles (/;. m?) inserted into the frontal membrane {J'.m.).

Fig. 44. —Similar section of a Cribrilina. Tlie frontal membrane is

covered by the frontal bars {/,Ij.) or costnles.

Fig. 45.

—

Le])ralia dorsiporosa, Busk. The distal lobes of the frontal

shield (/. sli. d.) have nearly united on the distal side of the operculum.

—

Torres Straits.
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Fig, 10.—Scliizopoic.lla saiisn i'lea, Norm. —IJasal view of a zoiccium

rioiii wliicli I lie basal wall lias been leiiioved. —Naples.

Fig. 47.

—

Schizoporella australis, llaswell. 0|)eiculuiii with llie ileii-

liculated coiid.yles. —Torres SUails.

Fig. IS.

—

Scbizoi)orella linearis, Uassall. Siiowiiig- ^/y/c, a gigantic

aviculariuin (=: " ooecium," Hincks)
;

prux., jiroxinial eml ol' liie zuoeciuni, inio

which the poly|)ide extends, beneath the aviculariiun. —Na|)lcs.

Fig. 49.

—

Catenaria lafontii, And. Side view, showing llie conipcn-

sation-sac ; z.', daughter-zooecia. —Naples.

Fig. 50. —Uiagranimalic transverse section of an Unibonuloid Cheilostonie .

The cavity of the marginal areolae [ar.) communicates with the general body-

cavity by the pores p. ;
/'. sh., frontnl shield, with calcareous tubercles on its

outer surface ; ep., epitheca
; /. vi., frontal membrane, or floor of compensation-

sac (c. s.).

Pig. 51. —Diagrammatic obliquely transverse section through a Microporoid

Cheilostonie, passing on the right side through the horizontal })art of the

cryptocyst [crypt.), and on the left side through a lateral recess (/. r.) con-

taining a depressor muscle {(lepr.) or modified parietal muscle
; y. ??«., frontal

membrane (cf. PI. 18, fig. 58).

Fig. 52.

—

Schizo[)orella linearis, Hassall. Zooecium showing the com-

pensation-sac {c. s.). The emarginal ion of the frontal shield containing the sinus

of the operculum enlarges as it passes through the thickness of the calcareous

wall, so that its outline on the inner side of the frontal shield is represented

by the line x. —Na))les.

PLATE 18.

F'ig. 53.

—

Cateniceila alata, Wyv. Thonis. The zooecium, which forms

the median part of the "globulus," is overlaj)ped by the lateral wings, con-

stituted by sttp. uvic, the supra-avicularian compartment; acic, the vestigial

avicularium ; and inf. avic, the iiifra-avicularian conii)artinent ; .i\ edge of

calcareous plate corresponding with pi. in Fig. 51. —Victoria.

Fig. 5 t. —C. i)lagiostoma, Busk, var. setigera, MacGill. The avicu-

laria are here of enormous size, and are different on the two sides of the

gloljulns. The roof of the com|)ensation-sac {c. s.) is partly a calcareous

plate ip/.) coiuiecled with the calcareous framework of the operculum; the

free edge of this plaie is seen at x. The outer calcareous layer consists of a

system of narrow bars sejjaratcd by large ineinbranous I'enestric {/.). —Vic-

toria.

Fig. 55. —C. hastata, Jnisk. 'I'he avicularium {(tvic), although small,

possesses a rudimentary polypidc (puL). The infra-aviculaiian compartment

{u/f. iicic.) is completely divided into two parts, of whieh the lower appears to
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correspond witli the vitta of t,lie next species. The frontal shield (/. s/;.) is

Cribrilina-like. —Victoria (Challenger Collection).

Fig. 50.

—

Vittaticella cornuta, Busk. —Distal end of an old zooeciiiiu

with a young " bii:lobulus ;
"

j , fully formed cliitinnus joint
;

7.', yonng joints

//., the lateral horns ; h.', vestifjial horn of the proximal zooeciuni of the liiglo-

bulus; v., vittae, filled with deeply stained material in the young zorecia. The

compensation-sac (e. s.) is fully developed in the proximal zonecium of the

biglobuius, and is quite young in the distal zooeciuni. —Victoria.

Fig. 57.

—

Micropora, sp. Basal view, showing the lateral recess (A ;•.)

of the cryptocyst, containing the depressor muscle (depr.), and giving ofl'

distally a calcareous (lange, from which the oocliisor muscle (ore/.) originates.

—Torres Straits.

Fig. 58.

—

Micropora, sp. (from the same slide). Frontal view, showing

the cryptocyst {cri/pl.) with the two lateral recesses (/. r.), and the depressor

muscles (depr.).

Fig. 59.

—

Ichthyaria oculata. Busk. Zonecium preceding a i)ifurcation

of the branch, and therefore less curved than most of the zooecia. The com-

pensation-sac (ex.) opens by the "median" pore (w../5.), which is asym-

metrical; s.s.', sutures in calcareous wall. —S.E. of Buenos Aires (Challenger

Collection, Stat. 320).

Fig. go. —Calwellia sinclairii, Busk. —Seen somewhat, nl)liquely. The

compensation-sac (^. 5.) opens l)y the crescentic median pore (m.p.). —S. of

Kerguelen Is. (Challenger Collection, Stat. 158).

Fig. 61. —C. gracilis, Maplestone. Young zooecium and parts of its

neighbours. —Victoria.

Fig. 62. —C. gracilis (from the same slide). Two mature zoeecia, showing

the large compensation-sacs (c. s.); c. p., comnuinicat ion pores ; prox., the

narrow proximal part of a distal zooecium.

Fig. G3.

—

Microporella malusii, And. Basal view of a zooeciuni which

has lost its polypide ; d., polypide bud ; r. s., conipensal ion-sac, opening by the

median pore (m.p.); corn., JuUien's " cornicula ;
" p.c, porc-chambrrs ; z.

neighbouring zooecia. —Naples.

Figs. 61—66. —Steganojiorella alveolata, Harmer. —Torres Straits.

Fig. 61. —B-o])erculum with its occlusor muscles, seen from the inner

side, and somewhat distally, so as to be considerably foreshortened; cond.,

condyles, united to the basal sclerite (b. s.) of the operculum by the strong

ligaments, lie/.; occL, proximal occlusor muscle, the tendon (letid.) of

which is inserted into the occlusor tubercle (occl. L) of the operculum,

and gives off a fascia (f.) which connects it with llie projecting pnixinial

end of the main sclerite (/«.«.) ; occl.', distal occlusor, inserted into the

fascia /.' ; .r, line along which the operculum passes into the roof of the

vestibule (cf. Fig. 26).



350 SIDNEY F. HARMER.

Fig. 65. —Basal view of a B-zoceciiim (basal wall removed). The cryplo-

cjst {ciypl.) is seen from ifs basal surface; part, of the floor of the

lateral recesses (/. r.) is broken away. Between the two recesses is the

passage {tube) by which the tentacle sheath passes to the orifice

;

occl.', distal occlusors, with their transverse fascia
(

/.') ; occl., proximal

occlusor, with its tendon {tend.); depr., depressor muscles of frontal

membrane; div., divaricalor muscles of operculum; m.s., main sclorite of

operculum. The movements of the tentacle siieath are restrained by

four delicate muscles, two of which originate from the wall of the tube.

Fig. 66. —Frontal view of a B-zocecium ; occl.t., occlusor tubercle;

lig., hiuge-ligaments, connecting the condyles {cond.') with the ends of

the basal sclerite {b. *.) ; f. m., frontal membrane, into which the

depressor muscles (depr.) are inserted; vi.pr., median process, arising

from the roof of the tube (of. Fig. 65) ; other letters as in Fig. 65.

Postscript. —Since this paper was sent to press I have

received from Dr. G. M. R. Levinseu a copy of his recently

published preliminary note entitled " Studies on Bryozoa ^'

(' Vidensk. Medd. fra den Naturh. Foren. i Kjobenhavn,'

1902). The paper deals with the morphology to the Chei-

lostomata, and the questions considered are largely identical

with those to which 1 have here paid attention. Dr. Levinsen's

contribution is too important to be discussed within the limits

of a postscript. —S. F. H.

Julv 27th, 1902.


